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Summary
Background and objectives of ICP IM
Integrated monitoring of ecosystems means physical, chemical and biological
measurements over time of different ecosystem compartments simultaneously at
the same location. In practice, monitoring is divided into a number of
compartmental subprogrammes which are linked by the use of the same parameters
(cross-media flux approach) and/or same or close stations (cause-effect approach).
The International Cooperative Programme on Integrated Monitoring of Air
Pollution Effects on Ecosystems (ICP IM) is part of the Effects Monitoring Strategy
under the UNECE Convention on Long-range Transboundary Air Pollution
(LRTAP). The main objectives of the ICP IM are:
• To monitor the biological, chemical and physical state of ecosystems
(catchments/plots) over time in order to provide an explanation of changes
in terms of causative environmental factors, including natural changes, air
pollution and climate change, with the aim to provide a scientific basis for
emission control.
• To develop and validate models for the simulation of ecosystem responses
and use them (a) to estimate responses to actual or predicted changes in
pollution stress, and (b) in concert with survey data to make regional
assessments.
• To carry out biomonitoring to detect natural changes, in particular to assess
effects of air pollutants and climate change.
The full implementation of the ICP IM will allow ecological effects of heavy metals,
persistent organic substances and tropospheric ozone to be determined. A primary
concern is the provision of scientific and statistically reliable data that can be used
in modelling and decision making.
The ICP IM sites (mostly forested catchments) are located in undisturbed
areas, such as natural parks or comparable areas. The ICP IM network presently
covers about 50 sites from nineteen countries. The international Programme Centre
is located at the Finnish Environment Institute in Helsinki. The present status of
the monitoring activities is described in detail in Section 1 of this report.
A manual detailing the protocols for monitoring each of the necessary physical,
chemical and biological parameters is applied throughout the programme (Manual
for Integrated Monitoring 1998).
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Recent assessment activities within the ICP IM
Assessment of data collected in the ICP IM framework is carried out at both national
and international levels. Key recent tasks regarding international ICP IM data have
been:
• Input-output and proton budgets
• Trend analysis of bulk and throughfall deposition and runoff water
chemistry
• Assessment of biological data using multivariate gradient analysis
• Dynamic modelling and assessment of the effects of different emission /
deposition scenarios
• Assessment of concentrations, pools and fluxes of heavy metals
• Empirical thresholds for N deposition (soil C/N ratios, input-output
budgets)
• Compilation of available information on cause-effect relationships of forest
ecosystems
Conclusions from recent international studies
Input-output and proton budgets
Ion mass budgets have proved to be useful for evaluating the importance of various
biogeochemical processes that regulate the buffering properties in ecosystems.
Long-term monitoring of mass balances and ion ratios in catchments/plots can
also serve as an early warning system to identify the ecological effects of different
anthropogenically derived pollutants, and to verify the effects of emission
reductions.
The first results of input-output and proton budget calculations were
presented in the 4th Annual Synoptic Report (ICP IM Programme Centre 1995)
and the updated results regarding the effects of N deposition were presented in
Forsius et al. (1996). Data from selected ICP IM sites have also been  included in
European studies for evaluating soil organic horizon C/N-ratio as an indicator of
nitrate leaching (Dise et al. 1998, MacDonald et al. 2002). Soil water fluxes for budget
calculations have been estimated using a water balance model (Starr 1999).  New
results regarding the calculation of fluxes and trends of S and N compounds have
been presented in a scientific paper prepared for the Acid Rain Conference, Japan,
December 2000 (Forsius et al. 2001). A scientific paper regarding calculations of
proton budgets has been accepted for publication (Forsius et al. 2004).
The budget calculations showed that there was a large difference between
the sites regarding the relative importance of the various processes involved in
the transfer of acidity. These differences reflected both the gradients in deposition
inputs and the differences in site characteristics. The proton budget calculations
showed a clear relationship between the net acidifying effect of nitrogen processes
and the amount of N deposition. When the deposition increases also N processes
become increasingly important as net sources of acidity.
A critical deposition threshold of about 8-10 kg N ha-1 a-1, indicated by several
previous assessments, was confirmed by the input-output calculations with the
ICP IM data (Forsius et al. 2001). The output flux of nitrogen was strongly correlated
with key ecosystem variables like N deposition, N concentration in organic matter
and current year needles, and N flux in litterfall (Forsius et al. 1996). Soil organic
horizon C/N-ratio seems to give a reasonable estimate of the annual export flux of
N for European forested sites receiving throughfall deposition of N up to about 30
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kg N ha-1 a-1. When stratifying data based on C/N ratios less than or equal to 25 and
greater than 25, highly significant relationships were observed between N input
and nitrate leached (Dise et al. 1998, MacDonald et al. 2002). Such statistical
relationships from intensively studied sites can be efficiently used in conjugation
with  regional monitoring data (e.g. ICP Forests and ICP Waters data) in order to
link process level data with regional-scale questions.
Sulphur budgets calculations indicated a net release of S from many ICP IM
sites, indicating that the soils are releasing previously accumulated S. Similar results
have been obtained in other recent European plot and catchment studies.
The reduction in deposition of S and N compounds at the ICP IM sites, caused
by the new ‘Protocol to Abate Acidification, Eutrophication and Ground-level
Ozone’ of the CLRTAP (‘Gothenburg protocol’), was estimated for the year 2010
using transfer matrices and official emissions. Implementation of the new protocol
will further decrease the deposition of S and N at the ICP IM sites in western and
north western parts of Europe, but in more eastern parts the decrease will be
smaller (Forsius et al. 2001).
Trend analysis
Empirical evidence on the development of environmental effects is of central
importance for the assessment of success of international emission reduction policy.
First results from a trend analysis of monthly ICP IM data on bulk and throughfall
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997).
ICP IM data on water chemistry have also been used  for a trend analysis carried
out by the ICP Waters and presented in the Nine Year Report of that programme
(Lükewille et al. 1997).
New calculations on the trends of N and S compounds, base cations and
hydrogen ions have been made for 22 ICP IM sites with available data across Europe
(Forsius et al. 2001). The site-specific trends were calculated for deposition and
runoff water fluxes using  monthly data and non-parametric methods.
Statistically significant downward trends of  SO4, NO3 and NH4 bulk deposition
(fluxes or concentrations) were observed at 50% of the ICP IM sites. Sites with
higher N deposition and lower C/N-ratios clearly showed higher N output fluxes,
and the results were consistent with previous observations from European forested
ecosystems. Decreasing SO4 and base cation trends in runoff waters were commonly
observed at the ICP IM sites. At some sites in the Nordic countries decreasing NO3
and H+ trends (increasing pH) were also observed. The results partly confirm the
effective implementation of emission reduction policy in Europe. However, clear
responses were not observed at all sites, showing that recovery at many sensitive
sites can be slow and that the response at individual sites may vary greatly.
Data from ICP IM sites have also been used in a study of the long-term changes
and recovery at nine calibrated catchments in Norway, Sweden and Finland
(Moldan et al. 2001, RECOVER:2010 project). Runoff responses to the decreasing
deposition trends were rapid and clear at the nine catchments. Trends at all
catchments showed the same general picture as from small lakes in Scandinavia.
Assessment of biological data using multivariate gradient analysis
The effect of pollutant deposition on natural vegetation, including both trees and
understorey vegetation, is one of the central concerns in the impact assessment
and prediction. The first assessment of vegetation monitoring data at ICP IM sites
with regards to N and S deposition was carried out by Liu (1996). Vegetation
monitoring was found useful in reflecting the effects of atmospheric deposition
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and soil water chemistry, especially regarding sulphur and nitrogen. The results
suggested that plants respond to N deposition more directly than to S deposition
with respect to vegetation indices.
De Zwart (1998) carried out an exploratory multivariate statistical gradient
analysis of possible causes underlying the aspect of forest damage at ICP IM sites.
These results suggested that coniferous defoliation, discolouration and lifespan of
needles in the diverse phenomena of forest damage are for respectively 18%, 42%
and 55% explained by the combined action of ozone and acidifying sulphur and
nitrogen compounds in air.
From the ordination exercises it was concluded that the applied statistical
techniques are capable of revealing underlying structure and possible cause-effect
relationships in complex ecological data, provided that analysed gradients have
an adequate range to be interpolated. Since the data obtained was unexpectedly
poor in the span of environmental gradients, the results of the presented statistical
ordination only indicated correlative cause-effect relationships with a limited
validity. The poor span of gradients could be attributed to the relative scarcity of
biological effect data and the occurrence of missing observations both in the
chemical and biological data sets. It was concluded, that the power of the vegetation
monitoring in impact assessment would increase considerably with improvements
in the ICP IM data reporting and inclusion of additional sites.
A scientific strategy to carry out further data assessment of cause-effect
relationships for biological data, particularly vegetation, has been developed within
the ICP IM. This work is led by The Netherlands. A joint assessment of EU/ICP
Forests Intensive Monitoring and ICP IM vegetation data is currently on-going.
As a separate exercise, the epiphytic lichen flora of 25 European ICP IM
monitoring sites, all situated in areas remote from local air pollution sources, was
statistically related to measured levels of SO2 in air, NH4
+, NO3
– and SO4
2– in
precipitation, annual bulk precipitation, and annual average temperature (de Zwart
et al. 2003). It was concluded that long distance transport of nitrogen air pollution
is important in determining the occurrence of acidophytic lichen species, and
constitutes a threat to natural populations that is strongly underestimated so far.
Dynamic modelling and assessment of the effects of emission/deposition
scenarios
In a policy-oriented framework, dynamic models are needed to explore the
temporal aspect of ecosystem protection and recovery. The critical load concept,
used for defining the environmental protection levels, does not reveal the time
scales of recovery. Dynamic models have been developed and used for the emission/
deposition scenario assessment at selected ICP IM sites (e.g. Forsius et al. 1997,
1998a 1998b, Posch et al. 1997, Jenkins et al. 2003). These models are flexible and can
be adjusted for the assessment of alternative scenarios of policy importance.
These modelling studies have shown, that the recovery of soil and water
quality of the ecosystems is determined by both the amount and the time of
implementation of emission reductions. According to the models, the timing of
emission reductions determines the state of recovery over a short time scale (up to
30 years). The quicker the target level of reductions is achieved, the more rapidly
the surface water and soil status recover. For the long-term response (> 30 years),
the magnitude of emission reductions is more important than the timing of the
reduction. The model simulations also indicate that N emission controls are very
important to enable the maximum recovery in response to S emission reductions.
Increased nitrogen leaching has the potential to not only offset the recovery
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predicted in response to S emission reductions but further to promote substantial
deterioration in pH status of freshwaters and other N pollution problems in some
areas of Europe.
At the 17th session of the UNECE Executive Body in December 1999 the
importance of the monitoring and dynamic modelling of recovery was underlined.
ICP IM participates in a joint coordinated exercise on dynamic modelling together
with other ICPs. UK is leading this modelling work in ICP IM. The work has strong
links to projects financed by the Nordic Council of Ministers and the EU. Priority
in the ICP IM work is given to site-specific modelling. The role of ICP IM in this
activity is to provide detailed and consistent physical and chemical data and long
time-series of observation for key sites against which model performance can be
assessed and key uncertainties identified (see Jenkins et al. 2003). In the future, the
aim is also to put more emphasis on predicting potential climate change impacts
on air pollution related processes at these sites.
Pools and fluxes of heavy metals
The work to assess concentrations, stores and fluxes of heavy metals at ICP IM is
led by Sweden. Preliminary results on concentrations, fluxes and catchment
retention have been reported to the Working Group on Effects (document EB.AIR/
WG.1/2001/10). Considerable retention of  Cd, Cu, Ni, Pb and Zn (80-95 % of total
input) was observed at some sites with available detailed information. A scientific
paper on the results is in preparation.  In many national studies on ICP IM sites,
detailed site-specific budget calculations of heavy metals (including mercury) have
improved the scientific understanding of ecosystem processes, retention times and
critical thresholds. ICP IM sites are also used for dynamic model development of
these compounds.
Compilation of available information on cause-effect relationships of
forest ecosystems
A report summarising available information from the ICP Forests and ICP IM
programmes on cause-effect relationships of forest ecosystems has been prepared
(de Vries et al. 2002). The results were also officially reported to the Working Group
on Effects in 2002 (EB.AIR/WG.1/2002/15).
Future work
• Maintenance and development of a central ICP IM database at the
Programme Centre.
• Continued assessment of the long-term effects of air pollutants to support
the implementation of emission reduction protocols, including:
• Assessment of trends.
• Calculation of ecosystem budgets and empirical deposition
thresholds.
• Dynamic modelling and scenario assessment.
• Calculation of pools and fluxes of heavy metals at selected sites.
• Assessment of cause-effect relationships for biological data, particularly
vegetation depending on available resources.
• Coordination of work and cooperation with other ICPs, particularly
regarding dynamic modelling (all ICPs), cause-effect relationships in
terrestrial systems (ICP Forests, ICP Vegetation), and surface waters (ICP
Waters).
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• Cooperation with external organisations and programmes, particularly
Global Terrestrial Observing System (GTOS) and International Long Term
Ecological Research Network (ILTER).
• Participation in projects with a global change perspective. Data from sites
in the ICP IM network are used in the EU-projects ‘Carbon and nitrogen
interactions in forest ecosystems (CNTER)’, ‘Integrated project to evaluate
impacts of global change on European freshwater ecosystems (EURO-
LIMPACS)’, and ‘A long-term Biodiversity, Ecosystem and Awareness
Research Network (ALTER-Net)’.
• Initiation of new assessment activities regarding global change impacts (e.g.
Parr et al. 2002).
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1.1 Review of the ICP IM activities in 2003-2004
Meetings
• Maria Holmberg from SYKE represented the ICP IM programme at the 19th
Task Force meeting of the ICP Modelling and Mapping programme 22-23
May 2003 in Tarto, Estonia. She also attended the 13th CCE Workshop
organised prior to the meeting 19-21 May.
• Lars Lundin represented the ICP IM programme at the 19th ICP Forests Task
Force meeting in Zagreb, Croatia, 25-28 May 2003. The chairman presented
activities within the ICP IM programme.
• Programme Centre (Martin Forsius) participated in the meetings of the EU/
CNTER project. The third meeting was held 21-23 May 2003 in Milton
Keynes, UK, and the fourth meeting 28-30 January 2004 took place in
Wageningen, The Netherlands.
• Lars Lundin and Martin Forsius presented the progress made by the ICP
IM programme during 2002/2003 at the meeting of the UNECE Working
Group on Effects, Geneva, 2-4 September 2003.
• The chairman participated in a meeting for the preparation of the EU-
project ALTER-Net (A long-term Biodiversity, Ecosystem and Awareness
Research Network) in Brussels, 26 November 2003. The project is
coordinated by T. Parr, UK Centre for Ecology and Hydrology.
• Programme Centre (Martin Forsius) participated in the UNECE expert
meeting on dynamic modelling, Sitges, Spain, 5-7 November 2003.
• ICP IM was represented (Lage Bringmark) at the workshops on Heavy
metals in Langen 17-18 November 2003 and Critical load of Heavy metals in
Potsdam 4-5 March 2004.
• ICP IM (Martin Forsius and Lars Lundin) was represented at the Extended
Bureau meeting of the Working Group on Effects 17-19 March 2004 in
Geneva.
• The twelfth meeting of the Programme Task Force on ICP Integrated
Monitoring was organised in Molln, Austria, 7 May, 2004. A one-day
workshop on the assessment of ICP IM data was held prior to the Task
Force meeting on 6 May.
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Projects, data issues
• Data from both ICP IM and the EU/ICP Forests Intensive Monitoring
Programme were used in the EU-project CNTER (Carbon and nitrogen
interactions in forest ecosystems). The work started in May 2001 and the
final reporting will be carried out during 2004. The project is of strategic
importance because it allows the use of ICP IM data in relation to global
change issues.
• Data from sites in the ICP IM network are also used in the EU-projects
‘Integrated project to evaluate impacts of global change on European
freshwater ecosystems (EURO-LIMPACS)’, and ‘A long-term Biodiversity,
Ecosystem and Awareness Research Network (ALTER-Net)’.
• The project ‘Climate induced variation of dissolved organic carbon in
Nordic surface waters (NMDTOC)’, financed by the Nordic Council of
Ministers, ended in 2003. Sweden, Norway and Finland participated in the
project, and data from ICP IM sites was used to evaluate processes affecting
leaching of carbon. A brochure summarising the main results of the project
is available.
• After December 1st 2003 the National Focal Points (NFPs) reported their
2002 results to the IM Programme Centre. The Programme Centre carried
out standard check up of the results and incorporated them into the IM
database.
• Laboratories participating in the ICP IM Programme took part in the inter
comparison test 0317 organized by ICP Waters and an intercalibration
organised by EMEP.
Scientific work in priority topics
Scientific work regarding four priority topics has continued:
• Calculation of pools and fluxes of heavy metals and relations to critical
limits and risk assessment (led by Sweden). A scientific paper will be
finalised in 2005.
• Assessment of cause-effects relationships for biological data, particularly
vegetation (led by The Netherlands). A joint assessment of EU/ICP Forests
Intensive Monitoring and ICP IM data. There has not been any progress in
2003.
• Dynamic modelling (led by CEH in UK in cooperation with the Programme
Centre and NIVA, Norway). This work has strong links to projects financed
by the Nordic Council of Ministers and the EU. ICP IM participates in a
joint coordinated exercise on dynamic modelling together with other ICPs
(Joint UNECE Expert Group on Dynamic Modelling, JEG DM). Priority in
the ICP IM work is given to site-specific modelling activities. A technical
report was published in 2003.
• Calculation of fluxes and trends of S and N compounds, base cations and
acidity (led by the Programme Centre). Priority is given to calculation of
proton budgets, N leaching and C/N interactions. This work has strong
links to the CNTER project financed by the EU. Scientific papers from the
CNTER project will be prepared in 2004. A scientific paper on proton
budgets has been accepted for publication.
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Reports
ICP IM will produce the following reports to the meeting of Working Group on
Effects, September 2004.
• 13th ICP IM Annual Report
• Contribution to Joint Report of the ICPs
• ICP IM parts of joint WGE Substantive Report  2004
• Official document on heavy metal and N studies at ICP IM sites.
1.2 Activities and tasks prepared for 2004-2005
Activities/tasks related to the programme’s present objectives
• Maintenance and development of central ICP IM database at the
Programme Center.
• Arrangement of ICP IM workshop and 13th Task Force meeting (2005).
• Preparation of the 14th ICP IM annual report (2005).
• Finalisation of scientific paper on heavy metals (2005).
• Participation in the preparation of scientific papers on N effects and C/N
interactions in forested ecosystems (EU/CNTER-project) (2004).
• Preparation of report/paper on observed trends in S and N fluxes on ICP
IM sites (2005).
Activities related to the programme’s present objectives to be carried out in
close collaboration with other ICPs/ Task Force
• Estimation of cumulative N deposition and its effects (cooperation with
CCE) (2004).
• Participation in dynamic modelling work coordinated by the JEG DM,
progress report (2004-2005).
• Participation in meetings of the WGE and other ICPs and the JEG DM
(2004-2005).
• Acidification and eutrophication effects on vegetation (with ICP Forests)
(2005).
• Preparation of WGE report on N effects and C/N interaction in forested
ecosystems (with ICP Forests and ICP Modelling and Mapping, based on
EU/CNTER-project results) (2005).
Activities/tasks aimed at further development of the programme
• Participation in the activities of external organisations, particularly Global
Terrestrial Observing System (GTOS) and the International Long Term
Ecological Research Network (ILTER).
• Participation in the EU-projects CNTER, EURO-LIMPACS and ALTER-net.
• Development of new assessment activities regarding the air pollution and
climate change relations to carbon, nitrogen and C/N-ratios in ecosystems.
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The Nordic-Baltic Regional Assessment of Long –range Transboundary Air Pollution 1980-
2000. A joint contribution by Denmark, Estonia, Finland, Latvia, Lithuania, Norway and
Sweden to the EMEP Assessment Report, http://www.emep.int/
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1.4 Monitoring sites and data
The following countries have continued data submission to the ICP IM data base
during the 1997 - 2003 period: Austria, Belarus, Canada, Czech Republic, Denmark,
Estonia, Finland, Germany, Iceland, Ireland, Italy, Latvia, Lithuania, Netherlands,
Norway, Portugal, Russian Federation, Sweden, and United Kingdom. Switzerland
has pre-selected five potential ICP IM sites, continuation of IM activities will depend
on available resources. Denmark has discontinued monitoring on two sites in 2003,
but has reported data from year 2002. Netherlands has discontinued monitoring
but has taken part in the data evaluations.
Presently the number of ICP IM sites with on-going data submission is about
50, most of the sites are European. An overview of the data reported internationally
to the ICP IM database is given in Table 1.1. Additional earlier reported data are
available from sites outside those presented in Figure 1.1. These sites have either
been suspended or taken out  of the IM network and used for regional monitoring.
Location of the IM monitoring sites with data from recent years are shown in
Figure 1.1.
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Figure 1.1 Geographical location of ICP IM sites with data from recent years.
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Table 1.1 Internationally reported data from ICP IM sites (- subprogramme not possible to carry out, * or forest health parameters in former Forest stands/Trees).
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1.5 National Focal Points (NFPs) and contact persons
for ICP IM sites
AT / Austria
NFP:
Michael Mirtl
Federal Environment Agency
Spittelauer Lände 5
A-1090 Vienna
AUSTRIA
e-mail: mirtl@ubavie.gv.at
BY/ Belarus
NFP:
Anatoly Srybny
Berezinsky Biosphere Reserve
P.O. Domzheritzy
Lepel District
Vitebskaya oblast, 211188,
BELARUS
e-mail: srybny@tut.by
CA / Canada
Contact for site CA01:
Dean S. Jeffries
National Water Research Canada Centre for Inland
867 Lakeshore Road
P.O. Box 5050
Burlington, Ontario L7R 4A6
CANADA
e-mail: dean.jeffries@cciw.ca
Rock Ouimet
Direction de la recherche forestiere
Forest Quebec
Ministère des Resources naturelles du Quebec
2700 rue Einstein
Sainte-Foy
Québec, G1P 3W8
CANADA
e-mail: rock.ouimet@mrn.gouv.qc.ca
Fred Conway
Environment Canada
4905 Dufferin St.
Downsview
Ontario M3H 5T4
CANADA
e-mail: fred.conway@ec.gc.ca
CH / Switzerland
NFP:
Norbert Kraeuchi
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Forest Ecosystems and Ecological Risks Division
Swiss Federal Institute for Forest, Snow and Landscape Research (WSL)
Zürcherstr. 111
CH-8903 Birmensdorf
SWITZERLAND
e-mail: kraeuchi@wsl.ch
CZ / Czech Republic
Contact for site CZ01:
Milan Vána
Czech Hydrometeorological Institute
Observatory Košetice
CZ-394 22 Košetice
CZECH REPUBLIC
e-mail: vanam@chmi.cz
DE / Germany
NFP:
Helga Dieffenbach-Fries, Rüdiger Hofmann and Ruprecht Schleyer
Federal Environment Agency
Paul-Ehrlich-Straße 29
D-63225 Langen
GERMANY
e-mail: helga.fries@uba.de
e-mail: ruediger.hofmann@uba.de
e-mail: ruprecht.schleyer@uba.de
DK / Denmark
Contact for sites DK01 and DK03:
Knud Erik Nielsen
National Environmental Research Institute
P.O. BOX 314
DK-8600 Silkeborg
DENMARK
e-mail:ken@dmu.dk
DK/Faroe Islands
Contact for site DK02
Maria Dam
Food and Environment Agency
Debesartrod
FR- 100 Torshavn
FAROE ISLANDS
e-mail: mariadam@hfs.fo
EE / Estonia
NFP:
Reet Talkop
Ministry of the Environment
Environmental Management and Technology Department
Toompuiestee 24
EE-15172 Tallinn
ESTONIA
e-mail: reet.talkop@ekm.envir.ee
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FI / Finland
Sirpa Kleemola
Finnish Environment Institute
P.O. Box 140
FI-00251 Helsinki
FINLAND
e-mail: sirpa.kleemola@environment.fi
GB / United Kingdom
NFP:
Muriel Bonjean
Centre for Ecology and Hydrology (CEH)
Maclean Building, Growmarsh Gifford
Wallingford, Oxfordshire
OX10 8BB
UNITED KINGDOM
e-mail: mbon@ceh.ac.uk
IC / Iceland
NFP:
Sigurdur H. Magnusson
Icelandic Institute of Natural History
Hlemmur 3
IS-125 Reykjavik
ICELAND
e-mail: sigurdur@ni.is
IR/ Ireland
NFP:
Rosaleen Dwyer
Department of Environmental Resource Management
Faculty of Agriculture
University College Dublin
Belfield, Dublin 4,
IRELAND
e-mail: gillian.boyle@ucd.ie
IT/ Italy
NFP:
Bruno Petriccione
Ministry for Agriculture and Forestry Policy
National Forest Service (Div. V)
Via Sallustiana 10
I-00187 Rome
ITALY
e-mail: b.petriccione@corpoforestale.it
Contact for Alpine sites IT01, 02:
Dr. Stefano Minerbi
Ufficio Servizi Generali Forestari
Via Brennero 6
I-39100 Bolzano
ITALY
e-mail: stefano.minerbi@provinz.bz.it
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Contact for Alpine sites IT03, 04:
Dr. Paolo Ambrosi
Institute of San Michele all’Adige
Via E. Mach, 2
I-38010 San Michele all’Adige
Trento
ITALY
e-mail: paolo.ambrosi@ismaa.it
LT / Lithuania
NFP:
Algirdas Augustaitis and Gaudenta Sakalauskiene
Environmental Protection Agency
Juozapaviciaus str. 9
LT-2005 Vilnius
LITHUANIA
e-mail: gaudenta.sakalauskiene@nt.gamta.lt
LV / Latvia
NFP:
Iraida Lyulko
Latvian Hydrometeorological Agency
Observation Network Department
165 Maskavas Str.
LV-1019 Riga
LATVIA
e-mail: epoc@meteo.lv
NL / The Netherlands
Contact person for NL01:
Dick de Zwart
RIVM/ECO
P.O. Box 1
NL- 3720 BA Bilthoven
THE NETHERLANDS
e-mail: d.de.zwart@rivm.nl
NO / Norway
NFP:
Kjetil Tørseth
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2.1 Introduction
Heavy metal loads exceeding critical values could be hazardous to ecosystems.
Impacts might occure in terrestrial systems and in freshwater systems exposed to
leaching. There are also human health aspects of heavy metals. Investigations on
heavy metals (HM) in ecosystems have taken place over the years with intentions
to extend the understanding of relevant processes, to gather information for critical
levels and critical loads and to provide data for modelling. AtICP IM, sites work
has focussed on pools and fluxes (Aastrup et al. 1995, Munthe et al. 1998,
Ukonmaanaho et al. 2001). There are a large number of heavy metals of
ecotoxicological importance such as As, Cd, Co, Cr, Cu, Hg, Pb, Ni, Sn, V and Zn.
Although by definition not a heavy metal, Al is of major concern in connection
with soil acidification and leaching to freshwater. In the UNECE Protocol on Heavy
Metals of 1998 priorities are given to the three metals Cd, Hg and Pb, which are
components of long-range pollution.
Metals in soil act upon microorganisms and soil fauna such as nematodes
and earthworms. Metals could also affect vegetation especially by toxic effects on
roots. Risks for above-ground vegetation parts and for terrestrial food chains are
less probable. Consequences associated with leaching from forest soils to aquatic
environments apply mainly to relatively leachable Cd and to methylated Hg in
lake fish. HM might have direct effects on human health by blood disorder and
effects on the liver, kidneys and nervous system. Fish consumption related
especially to mercury could have consequences on human reproduction.
Input of HM is not only by long-range atmospheric deposition but also by
particles spread over short distances, release from constructions, buildings and
sculptures as well as input by fertilizers. In forest ecosystems long-range air
pollution is the main input. Accumulation of HM has been observed to the extent
of 80-95% of the input. This is to a large extent allocated to upper soil and humus
layers. Also in wet downslope locations retention occur and especially Cd seems
to be transported through the soil and trapped in the wet areas. There is still at the
present time considerable accumulation in most forested catchments in spite of
reduced loads. In 5-25% of the European forest sites, the soil content could be
causing biological effects (Rademacher 2001).
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A report from EMEP (2003) presents decreasing deposition of Pb, Cd and Hg
in Europe in the 1990s. The decline in deposition between 1990 and 2001 was c.
60% for Pb, c. 34% for Cd and c. 25% for Hg. These are averages for Europe as a
whole. Anthropogenic emissions have decreased even more, but natural loads
and re-emissions also form part of the deposition.
In the soil heavy metal accumulation has been going on over a long time
span and resulted in unnaturally high levels in many places. This might have
direct influence on the local soil but metals could also be transported to other
locations and eventually be leached to surface water systems. Present day conditions
and ongoing development need to be followed. In such investigations, the
catchment approach, such as in the ICP IM programme, is most suitable. The
detailed monitoring of compartments in element budgets within catchment
boundaries provides complete control. The element budgets include input by wet
and dry deposition, accumulation and transport in the soil from surface organic
layers to deeper mineral soils and groundwater along the pathways from upslope
recharge to downslope discharge areas and surface water formation. Monitoring
of all these compartments and flows provide possibilities to identify crucial
processes. Data from Sweden, Latvia and Finland are presented in this report.
During 2003/2004 work on methods for critical loads of Pb, Cd and Hg has
been finalised in ICP Modelling and Mapping. There was participation from the
ICP IM programme in the expert group. Critical loads are main tasks for monitoring
and assessments under the Convention on Long-range Transboundary Air
Pollution. ICP IM might contribute to the credibility of mass balance models by
application to ICP IM sites, although all sites deviate from the steady state conditions
postulated for critical loads.
2.2 Mass balances for lead, cadmium and mercury at
ICP IM sites
The sum of litterfall and throughfall is taken as an approximate measure of total
deposition to forest stands. The particulate dry deposition effectively caught in
tree canopies is added to throughfall and to litterfall. Internal circulation is
neglected, an assumption that could be disputed. Input of Pb from analysed IM
catchments clearly exceeds output as shown by the RW / (LF + TF) ratios (Table
2.1). Even throughfall alone exceeds runoff transports for Pb. A comparison with
the rather mobilisable store that has been accumulating in the humus layer shows
that recovery is a matter of centuries on the catchment scale (RW / O in Table 2.1),
even taking into account that some of the stores is natural content. Humus layers
would start to improve faster than catchments. In fact, net loss of metal from humus
layers is now observed in some investigations.
Also cadmium shows mostly a retention in the catchment. However, cadmium,
which is more mobile than Pb at some sites, has an almost balanced output/input
ratio as is obvious for SE15 Kindla site (Table 2.2). However, stores are large
compared to output for Cd as well. Mercury is effectively retained in catchments
of most sites to an even higher degree than Pb (Table 2.3).
The storage and transport differs among the three priority heavy metals. Lead
has for long time been building up in the humus layer but also started to migrate
to deeper mineral soil layers. However, the output in runoff seems higher compared
to percolation flows possibly indicating variability in water pathways (Table 2.4).
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Table 2.1 Stores, annual input and output of Pb at Swedish ICP IM sites during the later part of the 1990s and early 2000s and in Finnish and Latvian sites
during 1990s (mg/m2).
Aneboda Kindla Gammtratten Valkea-Kotinen Hietajärvi Rucava Zoseni
Site nr SE14 SE15 SE16 FI01 FI03 LV 01 LV 02
Annual transports
Bulk deposition, BD 0.95 0.80 2.77 2.32
Throughfall, TF 1.43 1.33 0.71 2.47 1.43 2.69 0.90
Litterfall, LF 1.41 1.06 0.39 2.22 0.46
Runoff,  RW 0.27 0.26 0.13 0.11 0.05 0.09 0.05
Stores
Humus layer, O 680 680 15.5
Mineral soil 3480 2230 1890
0- 40 cm, M
RW / O 0.0004 0.0004 0.008
RW / (LF+TF) 0.095 0.11 0.13 0.02 0.03
Table 2.2  Stores, annual input and output of Cd at Swedish ICP IM sites during the later part of the 1990s and early 2000s (mg/m2).
Aneboda Kindla Gammtratten
Annual transports
Throughfall, TF 0.053 0.038 0.031
Litterfall, LF 0.065 0.027 0.026
Runoff,  RW 0.012 0.054 0.010
Stores
Humus layer, O 3.8 4.6 1.8
Mineral soil 0- 40 cm, M 17 21
RW / O 0.003 0.012 0.006
RW / (LF+TF) 0.10 0.83 0.18
Table 2.3 Stores, annual input and output of Hg at Swedish ICP IM sites during the later part of the 1990s and early 2000s (mg/m2).
Gårdsjön Aneboda Kindla Gammtratten
Annual transports
Throughfall, TF 0.020 0.017 0.012 0.007
Litterfall, LF 0.026 0.023 0.013 0.005
Runoff,  RW 0.0034 0.0022 0.0010 0.002
Stores
Humus layer, O 2.2 2.3 2.1 0.7
Mineral soil 0- 40 cm, M 20 15 11 7.3
RW / O 0.0015 0.0010 0.0005 0.003
RW / (LF+TF) 0.074 0.055 0.040 0.19
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Table 2.4 Input, soil water flow and runoff of Pb, Cd and Hg from three Swedish IM sites, mg m-2 a-1 ..
Aneboda Kindla Gammtratten
Annual flows of Pb
Input, TF+LF 2.84 2.39 1.10
Soil water below B, SW B 0.15 0.22 0.13
Runoff,  RW 0.27 0.26 0.13
Annual flows of Cd
Input, TF+LF 0.118 0.065 0.057
Soil water below B, SW B 0.100 0.060 0.030
Runoff,  RW 0.012 0.054 0.010
Annual flows of Hg
Input, TF+LF 0.040 0.025 0.012
Soil water below B, SW B 0.001 0.003 0.001
Runoff,  RW 0.002 0.001 0.002
Cadmium is transported through the soil from recharge areas to discharge areas
where Cd has been shown to accumulate in some catchments. Outflow in runoff
is smaller than soil water flows (Table 2.4). For mercury an almost total accumulation
in the organic layers of the soil can be seen . Flow of Hg in deeper soil water is very
small. Actually, it seems even smaller than runoff indicating additional loss of Hg
from organic soils in near-stream zones providing organically bound Hg to surface
waters (Table 2.4).
2.3 Critical loads of heavy metals
Critical Load is a quantitative estimate of an exposure to one or more pollutants
below which significant harmful effects on specified sensitive elements of the
environment do not occur according to present knowledge. An expert group in
ICP Modelling and Mapping has developed critical load assessments for heavy
metals. The result is a manual for mapping of critical loads, which now in 2004 is
in the final stages of completion. Motivation for the project was a statement in the
UNECE Protocol on Heavy Metals that effects-based approaches should be
encouraged for future optimised control strategies. Priority metals are the long-
range pollutants Pb, Cd and Hg.
Effects-based approaches take human health effects and ecotoxicology as
starting points. During the work in the expert group it became clear that critical
limits of Pb and Cd should be based on free ion activities rather than total contents.
To make this possible transfer functions were developed to relate different soil
metal fractions to each other. Metal extracts from large numbers of Dutch and
British soil samples were used to derive these functions. One requirement was
that calculations should be valid for organic soil layers, which are biologically
important especially in boreal forests. The use of free ion activities for critical limits
was a major step forward. It proved possible to find limit values that were generally
valid for different soils and the same values even roughly applicable to aquatic
systems.
A well established scientific basis for the modelling was laid. A number of
scientific papers is underway i.e. Lofts et al. 2004, Meili et al. 2003, and papers on
transfer functions. For Pb and Cd in terrestrial systems the calculations go as follows.
They are applied on upper soil layers. Steady state situations are assumed. Simple
mass balances are established in which deposition equals the sum of leaching and
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uptake in harvestable parts of plants. Storage and internal cycling are ignored at
steady state. Critical leaching for different sites is derived from critical free ion
activities. These activities are defined either by health aspects or by ecotoxicologicy.
Health aspects identified were Cd in crops related to soil free ions by transfer
functions and drinking water standards. To obtain the support for ecotoxicological
limits a large number of NOEC data from literature were converted to free metal
ions by transfer functions between soil metal fractions (Loft et al. 2003). Simple
generally valid critical limit functions were derived by allotting protection for 95%
of the organisms. With knowledge of solution pH, metal limit values for free ions
are generated from these functions. The critical leaching is calculated by use of the
Windermere Humic Aqueous Model (WHAM6, Tipping 1998) for metal species in
solution. Practical look-up tables are provided in the manual taking into account
pH, DOC, CO2-pressure and particulate matter. Critical loads are obtained from
the mass balances when critical leaching has been defined.
A Hg model having soil biota and lake fish as recipients were established
with a more simple approach (Meili et al. 2003). The expert group accepted this
approach, although mercury processes were originally considered too complicated
for the manual. The model describes relations of Hg concentrations in different
media rather than mass balances. An underlying assumption is that there is virtually
no free mercury in soil and water, most of it associated with organic matter.
Preliminary mapping exercises have been performed for terrestrial systems.
Data required are metal uptake in harvested plants with allocation to soil layers in
proportion to vertical root distribution, leaching of water from soil layers by simple
hydrological method and critical concentration of Pb and Cd in soil solution from
look-up tables. The latter requires values on pH, soil organic content, pCO2,
particulate matter and DOC. Critical concentration for Hg in solution is calculated
by equation for Hg/C ratios in soil and soil solution at critical soil Hg level.  As
presented above, mass balances show that IM sites are far from steady state. Critical
soil concentrations of Pb for Swedish sites and existing Pb concentrations show
exceeding values (Table 2.5).
Table 2.5 Critical Pb concentrations in mor layers of Swedish ICP IM sites calculated according to preliminary manual for
critical loads. Comparison with present metal levels at the sites.
IM site Pb solution (µg/l) Pb, CL-soil  (µg/g) Pb, present  conc., soil (µg/g)
critical critical present
Aneboda 4.7 25 81
Gårdsjön 3.3 30 35
Kindla 4.0 27 62
Gammtratten 2.6 34 44
Critical loads for Cd, Pb and Hg are based on:
• ecotoxicological effects of Cd, Pb and Hg in terrestrial ecosystems mainly in
upper soil layers;
• human health effects in terrestrial ecosystems based on critical limits of Pb,
Cd and Hg for drinking water, and in addition critical limits for Cd in wheat;
• ecotoxicological effects of Pb, Cd and Hg in aquatic ecosystems;
• human health effects related to aquatic ecosystems (Hg in fish).
Critical loads of HM are associated with high uncertainties and the use of the
information in policies approach is still unclear.
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2.4 Conclusions
In spite of decreasing loads, accumulation is still on-going in soils. From this it
should be concluded that monitoring of heavy metals should continue. In this
environmental work, the ICP IM sites are indeed suitable in their capacity of
complete ecosystem surveillance. Not only the chemical compounds need
monitoring but also the microbiological effects. Awareness on biological
consequences is obviously crucial. Heavy metal terrestrial translocations should
be investigated as well as surface water formation and leaching in outflow. In the
surface waters further observations are needed to follow the biological
consequences of direct importance for human health.
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3.1 Background
Long-term and broad-scale research, monitoring and assessment are necessary
for understanding environmental phenomena. This understanding becomes
increasingly important with increased human pressures on natural populations,
communities, ecosystems and the biosphere. The versatile data collected at intensive
sites such as those of the ICP IM are useful also in relation to other environmental
problems than air pollution, such as climate/global change and changes in
biodiversity (Manual for Integrated Monitoring 1998). Many of the networks
operating ecosystem sites, such as the Long Term Ecological Research (LTER)
network (http://lternet.edu/) in the USA and the UK Environmental Change
Network (http://www.ecn.ac.uk/) have a very broad mandate. The new Forest Focus
programme of the EU also covers a large number of issues (http://europa.eu.int/
comm/environment/nature/forest-regulations.htm). It is obvious that concentration
of monitoring and research efforts to well-equipped multi-purpose sites is feasible
for both scientific and economic reasons.
Climate variability is a prime driver of ecosystem responses, and predicted
changes in the global climate will affect a large number of ecosystem processes on
different time scales (e.g. Greenland et al. 2003). The aims of this section are to: (i)
shortly list some topics were ICP IM data could be used/assessed in the climate/
global change context; (ii) provide some examples from national and international
activities where such studies already have been carried out.
3.2 Climate – air pollution interactions
Changes and variability in climate are affecting a large number of ecosystem
processes of relevance for air pollution impacts, including: (i) changes in circulation
patterns affecting pollutant concentrations/deposition, (ii) hydrological flow paths,
(iii) biomass growth and uptake processes, (iv) weathering rates, and (v)
decomposition/retention processes of  N, C and S. Several complex interactions
between the different processes are involved (e.g. Wright 1998, Schindler 1999,
Syri et al. 2004).
Results from first attempts to consider the effects of such processes using ICP
IM data were presented in a modelling study of Jenkins et al. (2003). The effects of
changes in N retention and sea-salt inputs on acidification recovery were assessed
using the MAGIC model (Figure 3.1).
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Several ICP IM National Focal Points (NFP) are involved in the new EU
Integrated Project EURO-LIMPACS (http://www.eurolimpacs.ucl.ac.uk/) where the
research on such interactions is one of the main themes. Data from several ICP IM
sites will also be used. The aim is to use some of the results from this project also in
the ICP IM framework.
3.3 Pools and fluxes of C and N compounds
Estimation of current pools and fluxes of C and N and their changes due to global
change impacts are key research questions for understanding global element cycles,
as well as for the development/use of global circulation models (GCMs) for the
prediction of future climate changes. The detailed datasets available from the ICP
IM sites are particularly useful for providing information on the links between
different ecosystem compartments and for site-scale model testing and applications.
The unmanaged ICP IM sites can also provide reference information about the
influence of catchment management procedures (e.g. forestry practices) on the
pools and fluxes of these elements.
Data from ICP IM sites are currently used in the EU-projects CNTER (http://
www.flec.kvl.dk/cnter/), focusing on estimating the influence of N processes on C
sequestration in forest soils and identifying processes/indicators regulating N
retention in these systems (e.g. C/N ratios). Results from CNTER will be reported
to the UNECE Working Group on Effects in 2005.
Data collected at ICP IM sites have also been used in a national global change
research programme for calculations of current carbon and nitrogen stores and
fluxes in Finnish forest ecosystems (Ilvesniemi et al. 2002), and for modelling of
climate change impacts of carbon leaching fluxes (Holmberg et al. 2004, Figure 3.2).
Work to make detailed compartmental C and N budgets for the ICP IM sites FI01
Valkea-Kotinen and FI03 Hietajärvi is currently on-going. ICP IM sites can also be
used for monitoring long-term changes in these compounds.
Figure 3.1. Illustration of the
impact of future changes in
the catchment nitrogen
retention for surface waters
at the ICP IM site Birkenes
(NO01) assuming nitrogen
leakage increasing linearly
from present level  to full
leakage between 2010 and
2090 (Jenkins et al. 2003).
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3.4 Hydrological processes
Climate change will have a direct impact on many key hydrological processes
including evapotranspiration, snow cover periods, soil moisture, flow paths and
frequencies of episodes. As noted above, such changes are closely linked to a number
of other ecosystem processes. ICP IM sites could be used e.g. to (a) monitor the long-
term changes in key hydrological processes, and b) model potential changes in these
processes in e.g. a risk assessment framework. Several models are available for such
tasks, and some work has already been carried out (Figure 3.3).
Figure 3.2. Predicted daily values of fluxes of total
organic carbon (TOC) at Hietapuro at the Finnish ICP
IM site Hietajärvi (FI03) for present conditions (1990s)
and for the low climate change scenario  (2050s) and
the high scenario (2050s). (From Holmberg, M.,
Forsius, M., Starr, M. & Huttunen, M. 2004. An
application of artificial neural networks to carbon,
nitrogen and phosphorus concentrations in three boreal
streams and impacts of climate change. Ecological
Modelling).
Figure 3.3. Modelled soil water fluxes at 20 cm
depth (WATBAL model) at the Finnish ICP IM
site Valkea-Kotinen (FI01) assuming two
different climate change scenarios (from
ECHAM-4 model). Model results by Michael
Starr/Finnish Forest Research Institute.
3.5 Biodiversity
Causal attribution of recent biological trends to climate change is complicated
because non-climatic influences dominate local, short-term biological changes. Any
underlying signal from climate change is likely to be revealed by analyses that
seek systematic trends across diverse species and geographic regions, using
appropriate long-term datasets (Parmesan and Yohe 2003). ICP IM is one of the
networks that can provide long-term data sets for such analysis. Both the LTER
and ECN networks mentioned above put a lot of emphasis on collecting information
for climate change indicators regarding biology. There would be a large potential
to increase ICP IM activities in this field as well. The detailed data collected at the
sites also provide a good basis for studies on cause-effect relationships and related
modelling.
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4.1 The measurement of heavy metals in the ICP IM
Programme in Estonia
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Recently, the Aarhus Protocol on Heavy Metals under CLTRAP came into force.
Estonia has not signed the protocol yet, but according to officially reported data
(UNECE 2003), the anthropogenic emissions of priority metals have decreased
significantly in Estonia. The largest contributor is the oil shale-based energy sector
where more than 75% of emissions originate from. The decrease in the emissions
of the priority metals amounted to about 60% for lead and to 30 % for cadium and
mercury during 1995-2001. The reported emissions of As, Cr, Cu, Ni and Zn have
increased, which can be an artefact of the number of available data sources and
the calculation methodology.
Heavy metals are considered as optional parameters in various IM sub-
programmes. Data available via different subprogrammes are presented in Table
4.1.1. Data of precipitation analyses from Tooma and Tiirikoja (neighbouring stations
at a distance of about 30 km) (EERC 2003) were used for calculating atmospheric
input of Cd, Cu, Hg, Pb, Zn into Saarejärve catchment area.
The measured concentrations in precipitation did not often exceed detection
limit (Pb<1 µg/l, Hg<0.05 µg/l, Zn<10 µg/l), and if only half of the detection limit
is used, calculation of deposition loads is subject to great uncertainties. Table 4.1.2
presents the average heavy-metal concentrations in open-area precipitation. The
throughfall concentrations and loads were higher than those in the open area. For
Cd and Cu the atmospheric deposition flux was higher than litterfall flux at Vilsandi,
for Zn the fluxes were about the same, and for Pb litterfall flux was higher.
As data on heavy metals are scarce, in summer 2003 dendrochemistry was
used for investigating temporal changes in the background levels of Cd, Cu, Pb
and Zn in conifer wood. Using 4mm increment borers, tree cores of 20 pine and 20
spruce trees were taken from the height of 1.3 meters in Vilsandi and Saarejärve
plots. From each core, tree bark was removed for separate analysis. The pine and
spruce cores from Saarejärve were divided into 10-year segments and pine cores
from Vilsandi into 5-year segments. In total, 44 samples were analysed in EERC.
The methods of wood and bark analysis were the same used in litterfall and foliar
chemistry sub-programmes. The samples were mineralised with HNO3 in a
microwave owen, suspension was filtered, and water added to 25 ml. Cd and Pb
were analysed by AAS graphite method, Cu and Zn by AAS flame method.
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The results (Table 4.1.2) show significantly higher Cd, Cu, Pb and Zn contents in
tree bark. When pine and spruce stands are compared, higher concentrations of
Cd can be found in pine bark and wood at Saarejärve. Pb concentration was higher
in spruce bark and wood. Cu and Zn concentrations were higher in pine bark,
while in pine wood respective concentrations were lower than in spruce wood
(Figure 4.1.1). This may imply that accumulation of heavy metals is related to species
rather than stand location.
Comparison of Vilsandi and Saarejärve pine stands shows higher Pb and Zn
contents at the Vilsandi pine stand (Figure 4.1.1).
The advantage of dendrochemistry is the possibility to estimate temporal
accumulation trends of heavy metals in wood. But when assessing the time course,
the question remains whether the concentration differences are caused by lateral
movement, or result from changes in pollution levels. For example, Cd and Zn
concentrations increased in older tissues. The concentration patterns of Cu and
Pb in wood samples show irregular fluctuations without a distinct trend. A similar
irregular pattern of Cu and Pb in xylem wood of Scots pine was found by Pärn
(2000) in northeastern and southwestern Estonia.
This study on the background concentrations of heavy metals serves as a
basis for other specific investigations of tree rings in cities, industrial regions and
highways in Estonia.
Table 4.1.1 Subprogrammes and available data of trace elements at Estonian ICP IM sites.
Subprogramme Vilsandi (EE01) Saarejärve (EE02)
Precipitation chemistry 1996-2003: As, Cd, Cu, Pb, Zn 1996-1998: Hg
1996-1998: Cr, Ni; 2000-2003: Hg
Metal chemistry of mosses 1994, 2000: Cd, Cr, Cu, Ni, Pb, Zn 1994, 1995, 1997, 2000: Cd, Cr, Cu, Ni, Pb, Zn
(Pleurozium schreberi, Hylocomium splendens )
Throughfall 1997-2003: As, Cd, Cu, Pb, Zn 1996: Al; 1998 Hg
Stemflow 1998-1999: Cd, Cu, Pb, Zn 1996: Al; 1998 Hg
Soil chemistry 1994, 1999 (humus), 1994: Cd, Cr, Cu, Fe, Hg, Ni, Pb, Zn
2000: (Al), Cd, Cr, Cu, Fe, Hg, Ni, Pb, Zn 2000: Al
Soil water chemistry 1994-1997: Mn, Fe 1994-2003: Al, Mn, Fe
1998-2003: Al, Fe
Runoff water chemistry - 1996-2003: Al; 1996: Hg
Foliage chemistry 1994-2003: Cd Cu Mn Pb Zn 1994, 1996-1999, 2002: Cu, Mn, Zn
1999-2003: Fe 1994, 1996, 1997: Cd, Pb; 2002: Al
Litter chemistry 1994-2003: Cd Cu Mn Pb Zn 1994, 1996,1999, 2002: Cu, Mn, Zn
1999-2003: Fe 1996, Cd, Pb; 2002: Al
Tree bio-elements and tree indication Cd, Cu, Pb, Zn in wood and bark Cd, Cu, Pb, Zn in wood and bark
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Figure 4.1.1 Cd, Pb, Cu and Zn contents in Vilsandi pine and Saarejärve pine and spruce wood cores.
Table 4.1.2 Average concentrations of heavy metals in input fluxes (µg/l), biomass (mg/kg) and soil humus layer (mg/kg) (mor humus at Saarejärve).
Subprogramme Cd Cu Pb Zn
EE02 EE01 EE02 EE01 EE02 EE01 EE02 EE01
Bulk precipitation (µg/l) 0.14 0.11 5.8 7.3 <1 <1 <10 26
Throughfall (µg/l) n.a. 0.19 n.a. 7.5 n.a. 1.1 n.a. 32
Litter, pine (mg/kg) 0.29 0.12 1.6 3.8 1.8 0.76 60 52
Litter, spruce (mg/kg) 0.49 - 1.6 - 1.4 - 51 -
Needles, pine (mg/kg) 0.17 0.04 4.2 3.0 0.24 0.52 27 48
Needles, spruce (mg/kg) 0.08 - 2.3 - 0.16 - 16 -
Bark, pine (mg/kg) 0.53 0.42 4.6 3.4 12 13.3 24 32
Wood, pine (mg/kg) 0.17 0.12 1.3 1.4 0.19 0.24 0.24 0.3
Bark, spruce (mg/kg) 0.42 - 4.0 - 13 - 15 -
Wood, spruce (mg/kg) 0.06 - 1.5 - 0.97 - 0.66 -
P. schreberi (mg/kg) 0.19 0.32 2.9 7.8 3.28 5.7 28 21
Humus, pine (mg/kg) 0.96 0.11 6.5 9.1 36 11.5 44 25
Humus, spruce (mg/kg) 4.25 - 8.6 - 41 - 129 -
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4.2 Report on National ICP IM Activities in Germany
2003 – 2004
Helga Dieffenbach-Fries, Rüdiger Hofmann, Ruprecht Schleyer
Federal Environmental Agency, Fachgebiet II 5.5, Paul-Ehrlich-Str. 29, D-63225
Langen, Germany
e-mail: helga.fries@uba.de
During 2003 – 2004, the Integrated Monitoring Programme was performed at two
German ICP IM stations (DE01 and DE02). At the highland DE01 site ‘Forellenbach
Tal’ (trout brook valley) measurements started 13 years ago and covering nearly all
IM subprogrammes were continued. At the lowland DE02 site ‘Neuglobsow – Lake
Stechlin’, where IM measurements started in 1998, IM subprogrammes focussed
on the research subjects water chemistry and water cycle.
In September 2003 the German Federal Environmental Agency (UBA) and
the Institute of Soil Science and Forest Nutrition (IBW, University of Göttingen)
started a collaborative project within the ICP IM programme (UFOPLAN 203 43
25). The main task of this research project was to run the following new
subprogrammes at the lowland research plot at Neuglobsow (DE02).
New subprogrammes at Neuglobsow (DE02)
Soil chemistry
Soil samples were taken from the humus layer and the mineral soil at different
depths: 0-5 cm, 5-10 cm, 10-20 cm, 20-30 cm, 30-60 cm and about 80 cm. 28 soil
cores of the upper mineral soil (0-20 cm depth) were taken in the immediate vicinity
of the plot in September 2003 according to the recommendations of the international
ICP IM programme. Cores from the deeper and sandy layers were taken in March
2004 because of the very dry summer last year.
Foliage chemistry
In September 2003 foliage samples from dominant tree species (i.e. beech and pine)
around the plot were collected to assess the nutritional status of trees. Composite
samples were prepared by mixing equal quantities of current year needles or leaves
from individual samples.
Litterfall chemistry
Twelve litterfall collectors – each with an area of 0.25 m2 – were set up along with
throughfall collectors. Sampling of litterfall started at the end of September 2003.
Litterfall was separated into beech leaves and pine needles and pooled samples
were prepared for chemical analysis.
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Stemflow
Stemflow measurements will be carried out as part of the assessment of water
fluxes, using stemflow from trees with upward-reaching  branches (e.g. Fagus
sylvatica). From March 2004 onward stemflow will be collected from beech trees
using a tipping bucket mechanism. Composite samples of stemflow will be analysed
at IBW in Göttingen.
Microbial decomposition
In December 2003 eight ‘open chambers’ were installed to assess CO2 gas emissions
from soil under forest stand and on the open control plot. The measurements to
evaluate carbon releases to the atmosphere are carried out weekly (biweekly). In
order to measure CO2 concentrations in different soil layers (30 cm, 60 cm, 120 cm
and 180 cm) 18 high-grade steel probes were installed on the forest plot. Moreover
the microbiological activity of the mineral soil (0-20 cm depth) was determined
using a subset of soil samples from the Soil chemistry subprogramme. The following
parameters were analysed: Cmic, Nmic, soil respiration, and net mineralization of
nitrogen.
Tree bioelements and tree indication
The positions of all trees on the plot were recorded and diametres of trees >5 cm
at breast-height (DBH) were measured. Growth parameters were determined on
wood increment cores from selected trees.
Other cooperative UBA projects at Neuglobsow (DE02)
Hydrological monitoring including meteorological observation, measurements of
throughfall, soil water, groundwater, runoff water, and surface water (Lake Stechlin)
has been carried out since 1998 in co-operation with the Leibniz-Institute of
Freshwater Ecology and Inland Fisheries (IGB, Berlin and Neuglobsow). IM data
will be used to assess element fluxes in the Neuglobsow-Stechlin area.
4.3 Report on National Activities in Italy 2003 – 2004
Bruno Petriccione
CONECOFOR SERVICE, Ministry for Agriculture and Forestry Policy, National
Forest Service (DIV. V), via Sallustiana 10, 00187 Rome, Italy
e-mail conecofor@corpoforestale.it
All sites belonging (since 1997) to the National ICP Integrated Monitoring of
Ecosystems Network are a part of the National Integrated Network for Forest
Ecosystem Monitoring (CONECOFOR), established in 1996 in the framework of
European Union Regulation no. 1091/94 and the ICP Forests. This network includes
31 intensive sites 100.000-1.000.000 m2 large (including the analysis area, 5.000 m2
large), selected on the basis of high levels of ecological uniformity (in relation to
soil, vegetation and local climate). Each site includes only a type of habitat and
plant community, typical for the region.
Eleven of them are classified ICP IM sites; sites are distributed over the
national surface and are representative of the most important forestry biocenosis
(beech woods, 3 plots; spruce woods, 4 plots; turkey oak woods, 2 plots; holm oak
woods, 1 plot; European oak woods, 1 plot).
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All IM sites have been included, since the year 2002, also into the FAO GTOS-
TEMS Network. A description of sites and surveys is included in the related Web
site (www.fao.org/gtos/tems). A process to include sites also into the I-LTER
Network is now in progress and will be completed in 2004.
Analyses performed include crown condition assessment, chemical content
of soil and of leaves, deposition and air quality, tree growth assessment,
meteorology, ground vegetation assessment and (from 2002) phenology. A test-
phase on biodiversity assessment, based on six IM sites, started in 2003.
Fieldwork is carried out, on each plot, by several teams of people from
decentralised structures of the National Forest Service, from Regional
Administrations or by researchers of local laboratories. Inter-calibration courses
and updating meetings are annually organised to make fieldwork easier and to
improve data quality.
The National Focal Point is represented by the National Forest Service
(CONECOFOR Service), a part of the Ministry for Agriculture and Forestry Policy.
The NFP makes annually contracts with national research institutes responsible
for the scientific co-ordination of the analysis, data collection and evaluation. A
tutor, who has the responsibility for plot management and for field works has
been appointed for each permanent plot (tutors are people from National Forest
Service or from Regional Administrations, in the case that plots are located in areas
of regional property).
Most of the plots are located on hill or mountain slopes at altitudes between
500 and 1500 m and are distributed over two bioclimatic regions from the Euro-
Siberian to the Mediterranean one.
In the framework of the CONECOFOR Programme, the data listed in table
4.3.1 are available.
Table 4.3.1 Data available in the framework of the CONECOFOR Programme
Subprogramme no. of sites collection data period
frequency
BV Inventory of plants 10 sites 1 year 1996/7, 1999-2004
AM Climate 10 sites 1 sec 1997-2004
AC Air chemistry (ozone) 11 sites 1 week 1996-2004
DC Precipitation chemistry 09 sites 1 week 1997-2004
TF Throughfall 09 sites 1 week 1997-2004
SF Stemflow 03 sites 1 week 1997-2004
SC Soil chemistry 11 sites 10 years 1995/6
RW Runoff water chemistry 05 sites 1 week 1997-2004
FC Foliage chemistry 11 sites 2 years 1995/7/9, 2001/3
FD Forest damage 11 sites 1 year 1996-2004
VG Vegetation 10 sites 1 year 1996/7, 1999-2004
PA Plant cover inventory 10 sites 1 year 1996/7, 1999-2004
PH Phenology 11 sites 1 week 2002-2004
The first nine years of the CONECOFOR Programme implementation allowed to
in depth describe several forests biocenosis in Italy. They have been studied in all
the most important components such as soil, ground vegetation, macro- and
microclimate, and atmospheric pollutants. Information has been collected on the
health of wood populations and their structure and functioning. In the future this
kind of 2nd Level analysis should be supported by experiments of 3rd Level, which
operate ecosystems manipulation and are already active in several European
countries and in the USA.
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The data collected in the first four years of the activity were subjected to a
first evaluation, which can be considered as a first attempt at providing a concrete
example of the Integrated and Combined evaluation system. In this context, the
potential for co-occurrence of sensitive soil conditions and high deposition of
acidifying compounds and nitrogen was examined. Similarly, ozone levels and
indices of drought stress were considered. Tree condition, ground vegetation and
ozone data collected at beech sites were jointly examined to show how the status
and change analysis could work. Results show that there is the potential for
exceedance of critical acidity loads in the most sensitive forest ecosystems in Italy.
Ozone values were rather high as mean weekly values, however, there is evidence
that the uptake of ozone may be affected by different meteorological conditions in
different years. The status and changes of five beech sites were found to fluctuate
around a mean, with two sites being far from the mean distance in 1999.
An integrated and combined elaboration of data generated by the IM
permanent plots (1996 - 2000) has been completed, with emphasis on the role of
ozone. Results (Ferretti et al. 2003) show that, on a 5-year basis, and under very
conservative conditions, the sites resulted exposed to O3 AOT40 ranging from
AOT30  4000 to 26000 ppb h-1, with maximum values around 45500 ppb h-1. A
number of plant species were found with O3-like symptoms, and likely effects on
growth and  crown condition of trees, although not always clear, were reported.
These data confirm that O3 represents a potential factor of risk for the Italian forests.
Effects of O3 on forest are relevant also to other important issues of the
environmental agenda: among others, conservation of biodiversity (species affected
by O3 may be less favorite in competition), maintenance of forest health and vitality
(O3 effects on crown transparency), C sequestration (O3 effects on growth) are all
issues of concern for sustainable forest management, which therefore may be
impacted by O3. Together with the above mentioned risk, these connections identify
the need for continuing and possibly improving the monitoring.
In the frame of the ICP Forests biodiversity test-phase and to achieve the
new tasks required by Regulation (EC) n. 2152/2003 Forest Focus, a first biodiversity
survey has been carried out in twelve selected permanent plots (six of them
belonging to the ICP IM network, too), during summer 2003 (to be completed in
2004). The key parameters, assessed at stand level, include (1) vegetation, (2)
epiphytic lichens, (3) stand structure, (4) deadwood, (5) insects communities, (6)
naturalness and (7) landscape biodiversity. First results show that: (1) in a very
short time and with relatively low costs it is possible to obtain valuable indications
on biodiversity status of forest communities; (2) the harmonized methods
(vegetation, lichens, stand structure and deadwood) are reliable and effective; (3)
the new tested parameters (naturalness, landscape diversity) have shown a good
performance, expressing a high synthesis capability; (4) the surveyed forest
communities have shown very high values for nature conservation (Community
interest or priority habitats and species occur on 8 of the 12 plots, according to the
Habitat Directive (EEC) n. 92/43); (5) finally, qualitative results of surveys are very
important to increase the basic scientific knowledge (in a few months of survey on
lichens and insects, one species new for science and twenty new or very rare species
for Italy have been discovered). The obtained results will be the basis for: (1) a
more detailed survey that will be performed in 2004, in the framework of the Pan-
European project ForestBIOTA (a joint project of 20 European countries, based on
110 EU/ICP Forests permanent plots, collecting data on four main biodiversity
indicators in a standardised way); (2) an integrated and combined evaluation of
biodiversity of forest ecosystems in Italy, considering his relationships with climate,
ozone, deposition, soil and leaves chemistry, in the framework of the national
Integrated and Combined strategy 2001 - 2005.
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Contact information
National Focal Point: National Forest Service - CONECOFOR Service (Dr. Bruno
Petriccione), e-mail: conecofor@corpoforestale.it,
Web site: www.corpoforestale.it/conecofor
National research institutes responsible for the scientific co-ordination of the
analysis, data collection and evaluation:
• Soil and foliage chemistry: DISAFRI dell’Università di Viterbo (Prof.
Giuseppe Sacarascia-Mugnozza), e-mail: gscaras@unitus.it
• Climate: Istituto Sperimentale per la Nutrizione delle Piante, Roma (Dr.
Andrea Costantini), e-mail: conecofor@isnp.it
• Vegetation: Dipartimento di Botanica ed Ecologia dell’Università di
Camerino (Prof. Roberto Canullo), e-mail: roberto.canullo@unicam.it
• Forest damage and phenology: Dipartimento di Biologia Vegetale
dell’Università di Firenze (Dr. Filippo Bussotti),
e-mail: filippo.bussotti@unifi.it
• Deposition, water and air chemistry: Istituto per lo Studio degli Ecosistemi
del Consiglio Nazionale delle Ricerche, Verbania (Dr. Rosario Mosello),
e-mail: r.mosello@ise.cnr.it
• Biodiversity: CONECOFOR Service (Ministry for Agriculture and Forestry
Policy - National Forest Service (Dr. Bruno Petriccione),
e-mail: b.petriccione@corpoforestale.it
Published reports
Ferretti, M., Bussotti, F., Fabbio, G. & Petriccione, B. (eds) 2003. Ozone and forest ecosystems in
Italy. Second report of the Task Force on Integrated and Combined (I&C) evaluation of
the CONECOFOR programme. Annali Istituto Sperimentale per la Selvicoltura, Special
Issue (Arezzo), 30, Suppl. 1: 128 p.
4.4 Report of national ICP IM activities in Latvia 2003–
2004
Iraida Lyulko, Iveta Dubakova, Marina Frolova
Observational Network Department, Latvian Hydrometeorological Agency, 165,
Maskavas Str., LV-1019, Riga, Latvia
e-mail: epoc@meteo.lv
The ICP IM programme has continued in 2003 - 2004 at two ICP IM sites, Rucava
(LV01) and Zoseni (LV02). Sampling and analyzing of samples were carried out
under the subprogrammes: AM, AC, PC, TF, SF, SW, GW, RW, RB, LF, FC, AL, VG,
FD, EP and SC.
The activities in focus in the period 2003 - 2004 were:
• QA/QC of sampling procedures, chemical analyses, and data processing;
• implementation of Latvia’s legislative acts pertinent to the Directive 2003/3/
EC of the European Parlament and of the Council of 12 February 2002
relating to ozone in ambient air; Directive 2000/69/EC of the European
Parlament and of the Council of 16 November 2000 relating to limit values
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45The Finnish Environment 710
• preparation for the implementation of the forthcoming new directive of the
European Parlament and of the Council relating to arsenic, cadmium,
mercury, nickel and polycyclic aromatic hydrocarbons in ambient air;
• data analysis of the concentration of nitrogen dioxide in the ambient air of
the IM sites and the EMEP stations, as well as of the first benzene and
benz/a/pyrene measurement results from the EMEP stations 15 km off the
IM sites;
• joint identification of EEA indicators relating to air quality, climate and
critical loads for ecosystems;
• drawing up of the National ICP IM manual.
Summary of the results
QA/QC of measurements
Latvia has participated in 5 intercomparison exercises:
• WMO-GAW Acid Rain 28
• ICP Waters/NIVA
• 21 EMEP NILU
• 6th Needle/Leaf Test 2003/2004
• Intercomparison 2003, Invertebrate fauna, organized by the University of
Bergen
The intercomparisons, that covered 60 parameters from various media,
showed fairly good results, except for pH and Fe in surface water; NO2 and NH3
in air; Cl, Na, Ni, Cu, As and Cr in precipitation and Stot in leaves and needles.
The analysis of those substances has to be improved.
The preliminary results of the intercomparison of invertebrate fauna are
evaluated to be of high quality.
In co-operation with NILU (Norwegian Institute for Air Research), a field
intercomparison of gases and aerosols was run in 2003 at the regional GAW/EMEP
station at Rucava in the framework of the EMEP programme. Preliminary results
showed significant discrepancies in the NO3, NH3 and NH4 analysis results.
Under the ICP Waters programme, surface water field blank samples showed
concentrations of 0.2-20% of the resultant sample concentration, that were within
the detection limit.
Quality of work was in focus. The Latvian Hydrometeorological Agency has
obtained an ISO 9001:2000 certificate.
Some measurement results
Dissolved organic carbon
Dissolved organic carbon (DOC) measurements commenced in 2003 under the
subprogrammes Precipitation chemistry, Throughfall, Stemflow, Soil water
chemistry, Groundwater chemistry, Runoff water chemistry as requested in the
ICP IM Manual. Figure 4.4.1 shows a stemflow DOC value of 10-fold higher than
the open area and throughfall concentrations. The DOC values involved in checking
the ion balance have given good results.
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Surface ozone
The surface ozone concentration at Rucava exceed once a target 8-hour mean of
120 µg/m3 for the protection of human health (05.06.2003, 120 µg/m3,16-24 hourly
period). The target value for the protection of vegetation (AOT40 18000 µg/m3.h) as
specified in the Europe Directive 2002/3/EC was not exceeded.
Over the last five years, the long-term objective for the vegetation protection,
AOT40 6000µg/m3.h, was reached in 2000 (Figure 4.4.2).
Figure 4.4.1 DOC concentration (mg/l) in precipitation at Rucava (a) and Zoseni (b) ICP IM sites in 2003.
Figure 4.4.2 AOT40 indices, µg/m3.
Nitrogen dioxide
In 2003 parallel sampling of NO2 was carried out with passive samplers at the IM
sites and EMEP stations at Rucava and Zoseni. The objective of the sampling was
to detect whether the NO2 concentrations determined at the EMEP stations could
be extended to the IM sites 15 km off the EMEP stations.
Passive samplers at the EMEP stations are placed at the programme
measurement sites where air samples for nitrogen dioxide are taken with sorbtion
tubes. The analysis is made with spectrophotometry and the naphthyl-
ethylenediamine-dihydrochloride method.
The sampling methods implemented provided discrepancies of 5 to 50 % in
the monthly mean concentrations at both stations. The highest differences were
observed in September at both stations and in July at Rucava. The corresponding
correlation coefficients for data from the passive samplers and the sorbent tubes,
ignoring the September data, were 0.76 at Rucava and 0.71 at Zoseni.
Two passive samplers were placed in August 2002 at the IM sites, one near a
bulk sampler in the open area and another one near the discharge station in the
forest. Correlation coefficients of 0.66 and 0.58 were obtained for the two
measurement sites at Rucava and Zoseni, respectively.
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A comparison of the passive samples in the open areas at the EMEP stations
and IM sites showed a fairly similar dynamics of the NO2 concentration in 2003
(Figure 4.4.3), with the correlation coefficients between the station being 0.59 at
Rucava and 0.44 at Zoseni (Figure 4.4.4).
Figure 4.4.3 Dynamic of the NO2 concentration ( µg/m
3) in passive samples of EMEP stations and ICP IM sites at Rucava
(a) and Zoseni (b) in 2003.
Figure 4.4.4 Correlation between the NO2 concentration in passive samples at the IM open area and EMEP stations in
Rucava (a) and Zoseni (b) in 2003.
Benzene
Benzene samples of monthly exposure were taken with diffusive samplers
(Carbograph TD-1, USA). The US EPA Method TO 17 used, involves thermal
desorption and low-temperature concentration and the determination by mass-
spectroscopy (GC/MS).
The concentrations of benzene in the ambient air both at the EMEP stations
and in the town of Liepaja some 50 km from the station Rucava, did not exceed an
annual mean value of 5 µg/m3 given in the Directive 2000/69EC (Figure 4.4.5).
Figure 4.4.5 Mean monthly concentration ( µg/m3) of
benzene at EMEP stations in Rucava and Zoseni and in
Liepaja in 2003.
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Benz(a)pyrene
Aerosol samples of monthly exposure were collected for benz(a)pyrene with glass
fibre filters. The analytical determination was made running gas chromatography
and mass-spectrometry (LVS ISO 12884).
The monthly mean concentration of benz(a)pyrene in the air of the EMEP
stations Rucava and Zoseni was fairly low, below 0.26 ng/m3  and 0.1 ng/m3,
respectively (Figure 4.4.6). The 2000 model calculations made at the MSC-East
showed higher annual mean concentrations at Rucava (0.24 –0.36 ng/m3) and Zoseni
(0.39-0.79 ng/m3) compared to the values measured.
Figure 4.4.6 Benz(a)pyrene concentration (ng/m3)
at Rucava and Zoseni in 2003.
Comparison of model results with measurements of sulphur and nitrogen
deposition
Comparisons have been made of the depositions measured at the EMEP
stations and IM sites (open area and forest) with those determined with the EMEP
Eulerian Acid Deposition Model for sulphur and nitrogen in 2000 and lead and
cadmium in 2001 (Figure 4.4.7). The modelled and the EMEP values are given as
total deposition and the IM values as bulk deposition (for sulphur as SO4-S, but for
nitrogen as NH4-N+NO3-N). Even though, the measured and the modelled sulphur
and nitrogen deposition values are more or less of the same level, the measured
lead and cadmium depositions are much higher than the modelled ones.
Figure 4.4.7 Comparison of the EMEP and ICP IM (open area and forest) measured and modelled deposition (mg/m2)
in 2000 (a) and 2001 (b).
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The measurement results have been used in the following national and
international reports and research papers
Lyulko, I. (Ed.) 2004. Air quality and its impact on environment, 2003. Observational Network
Department, Latvian Hydrometeorological Agency. Riga. (In Latvian).
Overview of the 2003 studies in Rucava and Taurene, Latvia. IU ‘Pededze’, Latvian University.
Riga, 2004. (In Latvian).
Danillevicca, E., Nikodemus, O., Kllavinnss, M., Lyulko, I. 2003. Sulphur and Nitrogen
Compounds in Precipitation and Soil Water in Pine Forests in Latvia. Folia
Geographica, XI, p. 63-71.
Indriksone, I., Lyulko, I., Frolova, M. 2003. Assessment of transboundary transmission of air
pollution. International Conference EcoBalt ’2003. Riga.
Indriksone, I. 2003. Assessment of transboundary transmission of air pollution in Latvia.
Master’s project - Jelgava.
The Nordic-Baltic Regional Assessment of Long-range Transboundary Air Pollution 1980-2000.
A joint contribution by Denmark, Estonia, Finland, Latvia, Lithuania, Norway and
Sweden to the EMEP Assessment Report. http://www.emep.int/
Future work
• 2003 ICP IM data reporting to the IM database.
• Cooperative work under the ICP Forests, including Level II measurements
at ICP IM stations, and under the ICP Waters.
• Participation in the ICP Forest project ‘Time series analysis of trends in
deposition and soil water chemistry’.
• Quality control of transportation of samples using field blanks under the
ICP IM subprogramme Runoff water chemistry.
Contact information
National Focal Point: Latvian Hydrometeorological Agency
Programme co-ordinator: I. Lyulko, Head of Observational Network Department
(ODN), LHMA, e-mail: epoc@meteo.lv
Data collection and evaluation: I. Dubakova, ODN, LHMA, e-mail: epoc@meteo.lv
Responsibility for the implementation of subprogrammes
• Latvian Hydrometeorological Agency - Climate, Air chemistry,
Precipitation chemistry, Throughfall, Stemflow, Runoff water chemistry,
Groundwater chemistry, Hydrobiology of streams.
• Latvian University ( Dr. O. Nicodemus) - Soil, Soil water, Litterfall
chemistry, Foliage chemistry, Metal chemistry of mosses.
• Latvian University (Dr. M. Laivinsh) - Vegetation, Forest damage, Trunk
epiphytes, Forest stand inventory, Vegetation structure and species cover.
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4.5 Report on national ICP IM activities in Lithuania
A.Augustaitis1, I.Bauiene2, D.Sopauskiene3
1Lithuanian University of Agriculture, Noreikiskes, LT-4324 Kauno raj., Lithuania
e-mail: august@nora.lzua.lt
2Institute of Geology and Geography, T.Sevcenkos 13, LT-2006 Vilnius, Lithuania
e-mail: bauziene@geo.lt
3Institute of Physics, Gostauto 12, LT-2001 Vilnius, Lithuania
e-mail: daliasop@ktl.mii.lt
Introduction
Long-range transboundary air pollution and environmental acidification are
implicated as major causes of forest decline. Sulphur and nitrogen compounds
directly affect leaves and needles and indirectly – by increasing soil acidity –
contribute to forest decline. Recently considerable attention has been paid to the
study of ozone and its impact on biota. Unfavourable climatic conditions resulting
in outbreaks of forest pests and diseases are often mentioned along with
environmental pollution. Hence more thorough studies of the effects of
anthropogenic and natural factors on the forest condition on the basis of data
from Integrated Monitoring Stations (IMS) might considerably reduce information
noise and facilitate detection of the impact of long-range transboundary air
pollution on forest ecosystem.
In 2003, air chemistry, precipitation chemistry, throughfall, soil water,
groundwater, runoff and litterfall chemistry as well as forest biomass, bioelements,
tree damage, vegetation, PAR and hydrobiology of streams were studied.
Assessment of atmospheric deposition fluxes and trends of S and N
components
In 2003 the atmospheric concentrations of sulphur and nitrogen components in
air in Lithuanian ICP IM stations remained at the level as of 1997 - 2002. In Aukstaitija
IMS (LT01) the annual concentrations of SO2 were equal to 0.77 µgS/m
3, SO4
2- - to
0.89 µgS/m3, NO2 - to 0.66 µgN/m
3, total NO3
- - to 0.51 µgN/m3 and total NH4
+ - to
1.13 µgN/m3. In Zemaitija IMS (LT03) the annual concentrations of these
components were as follows: 0.83 µgS/m3, 1.0 µgS/m3,0.79 µgN/m3, 0.54 µgN/m3
and 1.21 µgN/m3. The higher concentrations of sulphur and nitrogen components
in air in LT03 station located in western part of the country were related to proximity
to the major pollutant source in Central Europe.
Linear regression trend analysis data over the whole period under
investigation indicated that reduction in SO2 concentration in air was 84% in LT01
and 73% in LT03. The decrease of particulate SO4
2- annual concentrations was 77%
in LT01 and 49% in LT03. This remarkable decrease in annual concentrations of
both sulphur components in air during 1994 - 2003 is most likely the result of
reduction in SO2 emissions in Europe as well as in Lithuania.
Concentrations of NO2 have been measured in two ICP IM stations since
1999 and no consistent trends were evident in these stations. The data indicated a
71% decrease for total NH4
+ concentrations in LT01, whereas in LT03 for this
component no consistent time trend was observed.
The annual concentrations of SO4
2-, NO3
- and NH4
+ in wet deposition in 2003
showed a very similar spatial pattern to that in the air. Almost three times higher
concentrations of Na+ and Cl- indicated a significant influence of the Baltic Sea on
the precipitation chemistry in LT03.
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The obtained data over the whole period under investigation indicate a
negative trend of wet deposition in IM stations. It was estimated that in LT01 annual
wet deposition values of SO4
2- decreased by 41 mgS/m2 per year or by 68% over the
10 year period and NH4
+ - by 40 mgN/m2 per year or by 79% over the 10 year
period. In LT03 these components decreased by 32 mgS/m2 per year (41%) and by
45 mgN/m2 per year (64%) respectively. However, no statistically significant change
in annual wet deposition values for NO3
- was obtained in both stations.
Assessment of chemical composition of groundwater, soil water and
stream runoff water
Over 1993 - 2003 ground water dynamics showed a serious fall of ground water
level in deep bores after drought of 2002. A similar fall rate of ground water level
was observed after the drought of 1996.
Over the last three years reduction of concentrations of main chemical
compounds in soil stopped. Only on-going decrease in Ca2+ and Mg2+
concentrations was observed in the soil water of Aukstaitija (LT01). In Zemaitija
(LT03) Ca2+ and Mg2+ concentrations reached the mean value of the 1993 - 2003
period. In ground water of LT03 Ca2+ and Mg2+ concentrations increased, but did
not reach the mean value of the study period. Mg2+ concentration in LT01 is still
increasing.
Comparing means of concentrations of separate chemical components in soil
and ground water of all three stations over the whole period under investigation
higher concentrations of many parameters (SO4
2-, NO3
-, NH4
+, Na+, C org., Al3+,
Mn2+) were observed in Dzukija (LT02) (it was closed in 2000). It is probable that
this might be attributed to good filtrational features of continental dune sand.
Recently higher concentrations of these components were observed in LT03.
Characteristics of stream runoff water over the whole period under
investigation indicated that the stream Versminis (in LT01) was richest in Ca2+ and
Mg2+ ions. Water in Juodupis (in LT03) was the richest with NH4+, Na+, Cl- ions,
iron and manganese, whereas in other stations the concentration of these
components was twice and more lower. Specific electrical conductivity was twice
higher in stream water of LT01 than in LT03. The pH value was lowest in Zemaitija
(LT03) and highest in Dzukija (LT02).
The amount of sulphates in stream runoff water has a tendency to grow,
extreme in 2003, in LT03 and to decrease in the two other stations (LT01, LT02).
Tendency of the recent years is synchronic increase of sulphate amount in soil,
ground and surface water in all IM stations.
Assessment of load of heavy metals with litterfall
The mean of litterfall in Scots pine stand, prevailing in Aukstaitija IMS, made about
4000 kg per ha, 50% of which is Scots pine needles, 30% pine bark, about 10%
birch leaves and  coniferous cones respectively. The mean annual litterfall in
Norway spruce stand, prevailing in Zemaitija IMS, made about 4080 kg per ha.
Norway spruce needles accounted for 77%. Tree bark was practically not found.
Dry, fine spruce branches made 14% and cones – range from 0 to 13% depending
on the year. It was estimated that in LT01 annual litterfall values increased by 20 g/
m2 per year and in LT03 – by 45g/m2 per year. This positive trend of litterfall amount
data indicated increase in foliage biomass and decrease in tree crown defoliation
as well as increase the total productivity of forest ecosystem.
Concentration of Cd and Cu in litterfall in LT01 was equal to or higher than
in LT03 litterfall and reached about 0.2 and 3.5 mg/kg respectively. Concentrations
of other metals under investigation in LT03 litterfall were 2 - 3 times higher than in
LT01. The obtained results indicated that in pine stands, prevailing in LT01, annual
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metal loads with litterfall are more significantly predetermined by metal
concentration in litterfall, whereas in spruce stands, prevailing in Zemaitija IMS,
by litterfall amount.
Over 2002-2003 the load of Cu, Cd and Zn with litterfall in Zemaitija IMS
(LT03) exceeded the load in Aukstaitija IMS (LT01) approximately by 1.5 times, Pb,
Cr and K approximately by 2.5 times and Na, Mn approximately by 3.5 times. The
data obtained indicated that in the western part of the country higher pollution
level is predetermined by the proximity of this station to the major pollutant source
areas in Europe.
Assessment of cause-effect relationships of biological data
Tree crown condition investigations in Aukstaitija IMS and Zemaitija IMS were
carried out in 1993 (94), 1996 and starting 1998 investigations have been carried
out annually. In 2003 the 8th assessment of forest condition was completed. In
Dzukija IMS the investigations were performed over 1993 - 1999.
In Aukstaitija IMS during the first survey period (1993-1996) tree condition
deteriorated and mean defoliation increased from 15.2±0.2% to 30.7±0.7%. During
the second survey period (1998 - 2001) mean defoliation decreased to 23.2±0.4%.
During the last two year period (2002 - 2003) mean defoliation of tree crown
increased again to 26.2±0.6%.
In other IM stations forest condition changes were very similar. In Zemaitija
IMS during the first period the mean defoliation of trees under investigation
increased from 18.9±0.6% to 26.4±0.9%. During the second period defoliation
decreased to 20.3±0.6 % and during the last period - increased again up to
22.2±0.6%.
In Dzukija IMS tree condition deterioration was highest during the first survey
period. Mean defoliation of trees increased from 28.8±0.8% to 35.6±0.9%. Till the
end of IMS activities defoliation of trees decreased and in 2000 made up about
30%.
It is estimated that over the whole period of investigation the worst condition
of trees on territories of IMS was recorded in 1996. The period of tree crown recovery
which started in 1998, lasted till 2001. However, drought in 2002 resulted in tree
crown condition deterioration. The change in mean defoliation increased by 2%
and this change was statistically significant.
The highest defoliation level of the sites was recorded in Dzukija. Mean
defoliation of trees was approximately 27-28%. Better condition of trees was
recorded in Aukstaitija IMS where mean defoliation of crown was approximately
24% and the best condition was recorded in Zemaitija IMS – approximately 22-
23%.
It can be stated that the best condition of Scots pine (Pinus sylvestris L) trees
was recorded in Aukstaitija IMS and the poorest – in Dzukija IMS. The best Norway
spruce (Picea abies (L) Karst.) tree condition – in Dzukija IMS and the poorest in
Aukstaitija IMS. The best birch tree (Betula pendula ’Crispa’ and Betula pubescens
Ehrth.) condition was found in Zemaitija IMS.
The impact of anthropogenic and natural factors on Scots pine tree crown
defoliation was investigated. The main contributing anthropogenic factors were
air pollution with S and N components and their wet deposition. While analysing
the impact of natural factors on mean tree crown defoliation we selected three
main factor groups which could have had the greatest impact on the changes in
mean defoliation. These are: site condition (altitude, slope, aspect, distance to the
stream and soil humidity), stand dendrometric parameters (mean diameter of the
trees, tree height, tree density, sum of basal areas and volume) and meteorological
(mean temperature of the month and amount of precipitation) parameters.
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Investigation of relationships between condition of Scots pine stands and
regional pollution indicated that over the period under investigation impact of
sulphur and nitrogen compounds in the air and their load were significant (p<0.05).
The closest relationship was identified between mean stand defoliation and
concentration of sulphur dioxide in air (r = 0.52 - 0.56) and sulphur load (r = 0.37-
0.46). Correlation with reduced nitrogen (NH4
+) concentrations in air and its load
was a little less (r = 0.31 - 0.46) and the least with NO3
- concentration in air as well
as NO3
- load (r = 0.15 - 0.23 when p<0.05).
Investigation of the impact of the main site parameters on the mean tree
crown defoliation showed that relief parameters have no significant impact on
changes in mean tree defoliation on territories of separate IMS. The closest
relationship was obtained in Zemaitija IMS, where correlation coefficient between
the mean defoliation of survived dominating trees and distance to the stream
reached r = -0.334 with p<0.05. A little higher were correlation coefficients between
altitude and mean defoliation. Strongest relationships were determined on the
territories of Aukstaitija and Zemaitija IMS. In our opinion these relationships
were predetermined by the changes in mean defoliation of Norway spruce trees.
It was determined that spruce stands located in more humid and lower sites
suffered most of all from the windbreaks in 1992 and 1999. In Dzukija IMS this
relationship was not obtained.
Analysis of the results from all 3 stations indicated that site altitude has
significant impact (p<0.001) on the changes in mean defoliation of all trees (r=-
0.285)
Investigation of relationship between defoliation and forest type showed that
the worst condition was characteristic to the trees growing in Pinetum cladoniosum
forest type and the best condition – to the trees growing in Pinetum vacciniosum
and Pinetum myrtilosum forest type.
Investigation of the impact of meteorological factors on tree condition
indicated that the better stand condition is predetermined by the greater amount
of precipitation of the months of the past vegetation season and winter as well as
of the months of middle and end of the current year vegetation period. Negative
impact of precipitation – was predetermined by only early spring months. The
better stand condition is predetermined both by higher temperature of winter
and early spring months. In general the impact of precipitation on mean stand
defoliation is more statistically significant than the impact of average monthly
temperatures.
Analysis of integrated impact of natural and anthropogenic factors on mean
defoliation of Scots pine stands indicated that pollution parameters explained up
to 55% of changes in mean defoliation. Meteorological parameters accounted for
40% of mean defoliation variance. Determination coefficient of their integrated
impact made up about 78%. Stand and site parameters accounted for up to 30% of
changes in mean defoliation and increased the common determination coefficient
by only 4%. In general environmental factors on territories of regional pollution
accounted for more than 81% of mean defoliation changes of Pine stands.
Biomass of stands and its changes
The following parameters were estimated at the initial stage of the work: total
number of live and dead trees, total tree biomass and the amount of bioelements
in tree biomass.
The obtained results indicated that over the 10 year period on 1 ha of catchment
plot in Aukstaitija IMS the number of live trees at an average decreased from 653
to 572 (12.4%), number of dead trees increased from 125 to 151, wind and snowbreak
– from 103 to 158 (trees per ha). Fall of pine trees reached 10.8%, of spruce trees
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13.1% over the 10 year period. Having calculated biomass of growing tree stems,
branches and leaves it was determined that on 1 ha of catchment plot in Aukstaitija
IMS biomass over 1993 - 1999 period due to tree fall decreased at an average from
218 to 206 t per ha (6%). However, in the period 2000 - 2003 the biomass increment
of growing trees made 5 t per ha or about 2% of biomass.
The investigations of bioelements indicated that in Aukstaitija IMS in 2003
the amount of bioelements in 211 t per ha biomass was as follows: N – 376.6 kg/ha,
P – 42.1 kg/ha, K – 142 kg/ha, Ca – 229.6 kg/ha. Depending on the bioelements,
their amount over the 10 year period decreased by 5 - 7%.
In Zemaitija IMS the number of live trees on 1 ha catchment plot decreased
from 605 to 504 (16.5%), the number of dead trees increased from 38 to 107 and of
snow and windbreak – from 2 to 34. Dynamics of Scots pine and Norway spruce
trees showed that over the period under investigation pine tree fall reached 14.9%,
spruce – 17.6%, what considerably exceeded intensity of tree fall on the territory
of Aukstaitija IMS.
It was determined that on 1 ha of catchment plot in Zemaitija IMS biomass of
growing trees over 1994 - 2003 period due to tree fall decreased from 196 t to 186 t
per ha  (5%). However, recently biomass increment of growing trees was 2 t per
ha, approximately 1% of biomass.
The obtained results indicated that in 2003 in Zemaitija IMS amount of the
bioelements in 186 t per ha biomass was as follows: N – 341.6 kg/ha, P – 33.7 kg/ha,
K – 127 kg/ha, Ca – 242.2 kg/ha. Depending on bioelement their amount over the
period under investigation decreased similarly to Aukstaitija IMS. For comparison,
in Dzukija IMS tree biomass was 159.4 t per ha.
To facilitate the accuracy of the obtained results on tree biomass and condition
in 2003 PAR level (mmol sec-1 m-2) under plant canopy was measured.
It was estimated that index of leave area well characterised stand productivity
and condition parameters and this relationship in most cases was significant
(p<0.05). With the increase of leave area index and decrease of PAR under plant
canopy tree and leave biomass as well as live tree number and sum of tree basal
area increased.
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Introduction
The monitoring of air pollutants and their effects on ecosystems in Norway
constitutes a comprehensive activity, with monitoring programmes on air quality,
surface water, soils, forests and fauna (aquatic and terrestrial). Several institutions
are involved of which NILU, NIVA, Skogforsk and the University of Bergen
undertake most of the activities aimed to support the Convention on Long-range
Transboundary Air Pollution (CLRTAP) and its Working Group on Effects (WGE).
Studies of atmospheric deposition, surface water chemistry, aquatic biology
(invertebrates) and forest condition are performed at approx. 20 sites to support
the ICP Waters and ICP Forests programmes respectively. From two of these sites
(Birkenes and Kårvatn) data are also reported to support the ICP Integrated
Monitoring. In general, all available data derived from these activities are used to
evaluate cause-effect relationships, while specific evaluations based on ICP IM
data alone have not been prioritised. In this note, a general description on the
WGE-related activities at Norwegian sites is presented with indication of plans for
future assessments.
Summary of results from the Norwegian monitoring programme on acid
deposition  (SFT, 2003)
Air
Emissions of SO2 in Europe have decreased by about 60% since 1980, 48% since
1990. The emissions of nitrogen oxides and ammonia increased up to 1990 but
have decreased since then by about 25 and 17% respectively (EMEP emission report
for 2002). The observed reductions in concentration levels are in agreement with
these reported downwards trends in pollutant emissions in Europe. The wet
deposition of sulphate was in 2002 one of the lowest measured since the monitoring
started in 1973. Since 1980 the content of sulphate in precipitation at the various
sites decreased by 54-79%. Similar reductions in airborne concentrations were
between 74-99% and 64-71% for sulphur dioxide and sulphate, respectively. There
are not that significant trends in nitrogen concentrations in precipitation, except
at a few sites where the nitrate concentrations have decreased somewhat. In air
there is a clear decrease in the nitrogen dioxide concentration in the last 10 years.
Water chemistry
The decrease in sulphate in deposition has caused a decrease in sulphate in lakes
and rivers of 40-70% from 1980 - 2002. 2002 in general shows the lowest sulphate
content in lakes and rivers measured during the monitoring programme (since
1980). As a consequence, the acidification situation in lakes and rivers has shown a
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clear improvement in the 1990s with increases in pH and ANC (acid neutralising
capacity) and decrease in inorganic (toxic) aluminium. There is no systematic long-
term change in nitrate, although the last five to six  years, 1997 to 2002, in many
sites show lower values than previously observed. The slight increase in TOC
during the 1990s has now levelled off.
Fish
The status on fish populations in Norwegian lakes was based on questionnaires in
early 1990s. The number of lost and damaged populations of the six most common
species of fish in Norwegian lakes greater than 3.0 ha in acidic areas were estimated
to be about 9600 and 5400, respectively. Brown trout has suffered the most severe
damage with a total of about 8200 lost stocks. Lakes in southernmost Norway, i.e.
the counties Aust-Agder and Vest-Agder have suffered the highest damage with
nearly 6000 lost stocks. Test-fishing with gill nets in lakes in southern and south-
western Norway, indicate improvement in the fish populations. However, some
fish populations have also decreased in density. The density of young brown trout
in tributary streams to lakes was assessed by means of electrofishing. The density
of young brown trout in tributaries to lakes in Vikedal and Bjerkreim watersheds
in southwestern Norway have increased significantly in recent years, and these
populations have to some extent recovered. However, for streams in Gaular
watershed in western Norway no corresponding positive response for young
brown trout has so far been registered.
Forest
Crown condition has been relatively stable for the last three to four years. Crown
condition is determined by a number of factors and stresses, such as age, diseases
(e.g. various fungi), growth conditions and climatic stress (drought and frost). When
trees show signs of poor health, this is often due to an interaction of some of these
natural causes. For example, reduced crown density and discolouration of trees
caused by Gremmeniella abietina in south-eastern Norway in 2001 and attacks on
birch by Melampsoridium betulinum and leaf-eating insects in 2002, were due largely
to a combination of climatic stress on the trees and a favourable climatic
environment for the fungi. In the mountain areas of eastern Norway, a major
attack by Melampsoridium betulinum in 2002 caused discolouration of the leaves.
This fungus spreads easily under conditions of high air humidity and temperature
in the spring. These conditions could be found in many places last year. In addition,
a dry period in the lowlands in late summer may have caused early yellowing.
Discolouration of birch of such dimensions has not previously been registered
during monitoring. Effects of air pollutants may come in addition to or interaction
with these factors. The effect of pollutants on forest condition is hard to estimate,
because their effect has been small compared with those of other factors. In the
future, effects of climate change may play a larger role. Results from ecological
investigations on the intensive monitoring plots suggest that the forest environment
is stable, and that there are, as usual, large fluctuations from year to year in some
measurements, probably within the normal variation for coniferous forests.
Terrestrial flora and fauna
A comprehensive analysis of changes in ground vegetation in coniferous and birch
forests in various monitoring areas in Norway (run by respectively TOV and NIJOS)
indicates that changes in the species composition of vascular plants in Southeast
Norway may be linked to effects of accumulated pollution loads. Changes in the
bryophyte flora appear to be related to inter-annual climate variation. In other
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monitoring areas north of about 60°N, changes in ground vegetation are also partly
recorded. These changes are unlikely to be related to effects of long-range pollution
but may rather be caused by natural disturbances or changes in land use.
Inventories of epiphytic lichens on trunks of birch in the monitoring areas
(pine in Solhomfjell) show a clear relationship between lichen coverage and damage
and deposition patterns of pollutants, with the lowest coverage and highest damage
frequency in the southernmost areas. Repeated inventories after 5 and 10 years
indicate generally improved coverage and damage status in the southern areas.
There is a marked increase in the growth of algae on tree trunks in the southernmost
area Lund.
Monitoring of golden eagles and gyrfalcons in the monitoring areas indicate
good production also in the most polluted areas of South Norway. There is no
indication that population variations in passerine birds are significantly different
in southern compared to northern areas. However, hatching success of pied
flycatchers in the southernmost areas has been somewhat lower for some of the
early years of the monitoring.
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4.7 Report on National ICP IM Activities in Russia
Sergey Paramonov
Institute of Global Climate and Ecology, Glebovskaya Street 20-b, 107258 Moscow,
Russia, e-mail: s.g.paramonov@mtu-net.ru
Russia continues activities under the ICP IM programme. In the years 2003 - 2004
observations were carried out under AM, AC and PC subprogrammes at monitoring
stations situated in Oka-Terrace (RU04), Voronezh (RU14), Astrakhan (RU12) and
Caucasian (RU03) biosphere reserves. The programmes are not carried out
completely due to economic reasons. All subprogrammes were suspended in Valday
(RU15) monitoring station.
In 2003 work in the framework of the Hydrobiology and Forest damage
subprogrammes in the Oka-Terrace (RU04) state biosphere reserve were carried
out. In May 2003 and in October 2003 benthos samples were gathered from five
stations. The material was identified and the data was entered in the National
Data Base. Two stations in coniferous forest stands were observed. The results
were entered in the National Data Base and reported to the Programme Centre.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58 The Finnish Environment 710
Publications
Pchiolkin, A. V. 2003. Is it a ‘lichen desert’?. In: The miracles of Moscow wild life. Moscow,
“NPAC Pas’va”, 2003, pp. 42-43.
Pchiolkin, A. V., Slepov, V. A. 2004. The use of algae and lichens in bioindication. Moscow,
MGSUN, 12 pp. (In press)
Pchiolkin, A. V. 2004. The use of epiphytic lichens for the background environmental
monitoring of regional and continental scale in Russia. The Problems of Ecological
Monitoring and Ecosystems Modelling. Saint-Petersburg, Hydrometeoizdat. V. 19. (In
press)
Semenov, S. M., Koukhta, A. E., Koukhta, B. A., Yasyukevich, V. V. 2003. The atmosphere
pollution effect on the vegetation of the Europe territory. The Review of the
environmental pollution in the Russian Federation in 2000. Moscow: The Federal
Service for the Hydrometeorology and the Environmental Monitoring (Roshydromet).
Plans for 2004
• An expedition to the Oka-Terrase state biosphere reserve in May 2004: the
Hydrobiology subprogramme.
• An expedition to the Oka-Terrase state biosphere reserve in October 2004:
the Hydrobiology subprogramme; the Forest damage subprogramme.
• An expedition to the Kandalaksha state biosphere reserve in September
2004: the Hydrobiology subprogramme; the Forest damage subprogramme.
4.8 Report on national ICP IM activities in Sweden
1997 – 2001
Lundin, L.1, Aastrup, M.2, Bringmark, L.1, Bråkenhielm, S.1, Grandin, U1., Hultberg,
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2 Geological Survey of Sweden, SGU, Box 670, SE-751 28 Uppsala, Sweden.
3 Swedish Environmental Research Institute, Box 47086, SE-402 58 Gothenburg,
Sweden.
The programme is funded by the Swedish Environmental Protection Agency.
Introduction
Swedish integrated monitoring programme is run on four sites distributed from
south central Sweden (SE14), over the middle part (SE15), to a northerly site (SE16)
representing north Sweden. The long-term monitoring site SE04 Gårdsjön F1 is
complementary on the inland of the West Coast and has been suffering from long-
term high deposition. The Swedish group is now compiling results from the four
Swedish IM sites for the five-year period 1997 - 2001. The sites are well-defined
catchments with mainly coniferous stands on glacial till deposited above the highest
coastline, meaning no water sorting of the soil material. Forest stands are mainly
over 100 years old and at least three of them have several hundred years of
continuity as more or less lightly grazed woodlands. Both climate and deposition
gradients coincide with site distribution from south towards north (Table 4.8.1).
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Table 4.8.1 Geographic location and long-term climate at the Swedish IM sites.8ik,
SE04 SE14 SE15 SE16
Latitude N 58° 03´ N 57° 05´ N 59° 45´ N 63°51´
Longitude E 12° 01´ E 14° 32´ E 14° 54´ E 18°06´
Altitude, m 114-140 210-240 312-415 410-545
Area, ha 3.7 19.6 19.1 45
Mean annual temperature, oC + 6.7 + 5.8 + 4.2 + 1.2
Mean annual precipitation, mm 1000 750 900 750
Mean annual evapot., mm 480 470 450 370
Mean annual runoff, mm 520 280 450 380
In the following report some special conditions and ongoing work from the five-
year Swedish Annual IM report (2004) are presented.
Climate and Hydrology
The characteristic annual hydrological pattern of the catchments is high
groundwater levels during winter and lower in summer and early autumn. This
pattern was most obvious in 1999 and 2001 when the water level was below 1.5 m
as compared with high water levels at depths of 0.5 m (Figure 4.8.1). Discharge
shows high snowmelt peaks in spring and in autumn high discharge periods are
induced by rainfall periods at low evapotranspiration conditions.
In-between these periods, discharge has been lower. However, the last fifteen
years the winters have been characterised by exceptionally warm periods. The
year 2001 showed comparably high discharges in January but decreasing through
February and March to a rather high snowmelt peak in April. Summer was dry
with low flows and also in autumn the discharges were comparably low, but
anyhow with a small autumn flow period. Temperature was fairly low, mainly
due to cold January, February, November and December. Precipitation was also
rather low, c. 80% of normal.
For the five-year period, the mean precipitation exceeded the long term
regional average with 4-39% for the four sites. The northernmost SE16 showed
the highest deviation, which could partly be due to natural variation between the
site location and the regional average. The other three stations were exceeding by
up to 18%. Corresponding values for annual runoffs were 9-61%, respectively and
again SE16 showed the highest excess. Most likely, both precipitation and runoff
are higher at the site compared to the region.
Figure 4.8.1 Groundwater levels at SE15 (thick line) and the Grimsö monitoring station (grey) during the period
1998-2001.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .60 The Finnish Environment 710
Groundwater chemistry
Acid deposition has influenced the chemical composition of the groundwater, which
is most obvious in the upper layers of the recharge areas of the sites. In this
groundwater, sulphate is the dominating anion and in the acid waters of SE15 also
downslope discharge locations show such conditions (Table 4.8.2). In the two IM
sites SE14 and SE15 the dominating cation is Na and in discharge areas of SE14, Fe
is even on higher concentrations as compared with Ca. At SE15, inorganic Al is
high in recharge areas but has mainly changed to organic Al in the discharge areas
where organic substances are on higher concentrations (Table 4.8.2).
Table 4.8.2 The average chemical composition of the groundwater recharge and discharge locations of the ICP IM sites SE14
and SE15 during 1997-2001. Concentrations in meq/l except for Al, Fe and Mn being in µg/l and TOC in mg/l.
SE14 SE15
Recharge area Discharge area Recharge area Discharge area
Depth (m) 3.2 1.0 2.4 1.1
SO
4
0.300 0.166 0.180 0.133
Alk 0.076 0.131 0.012 0.025
Acidity 0.014 0 0.071 0.082
Cl 0.259 0.255 0.059 0.055
NO3 0.0008 0.001 0.002 0.005
PO4 0.0002 0.0004 0.0003 0.0004
Ca 0.204 0.187 0.049 0.051
Mg 0.108 0.157 0.022 0.036
Na 0.292 0.258 0.091 0.109
K 0.017 0.019 0.008 0.009
NH4 0.002 0.019 0.017 0.004
pH 5.18 5.49 4.84 4.55
Al 1172 1360 1288 1033
Fe 213 7018 63.3 496
Mn 99 88 19.1 24.0
SiO
2
9.86 16.8 8.54 10.62
TOC 2.57 22.9 4.45 12.62
Hydrochemistry
Water at all four Swedish ICP IM sites could be characterised by low ion strength,
permanently acid and with comparably high aluminium contents. Only SE16, the
northern site, has sometimes pH values over 5.5 and then occasionally also
bicarbonate alkalinity but on a very low level and sensitive to acid deposition. The
electrical conductivity in soil and stream water was only slightly higher compared
to throughfall at SE15 and SE16, indicating fairly fast turnover in the catchments.
In SE14, the soil and water interactions influence water quality more. This was
also reflected in the Si concentrations being relatively high in SE14 but low in
three catchments. Acid neutralising capacity (ANC) was lower in upslope locations
compared to the downslope discharge areas. Only in SE15, ANC was negative in
the discharge areas while the other three sites showed positive values.
Sulphate and chloride concentrations in deposition and stream water
indicated release of sulphate from the soil and considerable inflow of sea-salts in
the two southernmost sites, SE04 and SE14. Organic anions were important at all
sites and dominated the surface water anion content in SE16 with 51% while values
for the other areas were 14-25%.
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Aluminium has been highlighted to be of crucial importance to biota in soil
and water. In the Swedish IM investigations special activities have been put on Al,
as having a strong relation to acidity and also to organic substances. The content
of total Al was fairly high in soil- and groundwater at most sites. Only at the
northern SE16 site concentrations were below 0.8 mg/l. This site also showed lowest
concentrations in stream water with 0.24 mg/l while the other sites were in the range
0.6-0.8 mg/l. Inorganic Al at the four sites made up 53% at SE15, 34% at SE04, 17% at
SE14 and 8% at SE16. Partly, this also reflected the content of DOC being high in
SE14 where inorganic Al is at low ratio due to high metal binding to organic material.
At SE15, the DOC concentration was 9 mg/l with high ration inorganic Al.
Nitrogen content coincided with carbon with high values at SE14 (0.70 mg/l)
and fairly low at the other sites (< 0.22 mg/l). Inorganic nitrogen, nitrate and
ammonia, made up 16-21% of the total nitrogen content which is typical for Swedish
forest catchment conditions. Leaching of nitrogen and carbon is related mainly to
organic substances and reached 0.9-3.5 kg N ha-1 a-1 and 35-100 kg C ha-1 a-1
respectively. The variation over time, being larger as compared to geographical
range, is mainly caused by different water discharges between years. However,
the northern SE16 sites showed less runoff of both N and C over the five-year period
while values at SE14 mainly were on higher levels compared to the other sites.
Heavy metals (HM) in the streamwaters of the SE IM sites were mostly on
rather low levels, actually below what could be expected to give toxic effects on
biota. Mercury showed concentrations between 3.7 and 6.8 ngHg/l with methyl-
Hg making up 0.2-1.4 ng/l.
The priority HM, Pb, Cd and Hg, have been deposited on elevated levels of
amount and accumulated in the soil. Pb still shows high accumulation in the organic
soil layers revealed by high deposition as compared to soil water percolation flows
being 0.15 mg m-2 a-1, 0.22 mg m-2 a-1 and 0.13 mg m-2 a-1, at SE14, SE15 and SE16,
respectively. This would make up 31%, 55% and 62%, respectively, of input.
However, other investigations indicate a translocation of Pb from the organic layers
to the mineral soil below. The high Pb contents in south Swedish soils could have
negative impacts on the microbiological activity.
The turnover of Cd in the catchments showed retention between deposition
and outflow in the streamwater. The SE15 site was, though, an exception with
high runoff. However, the flow of Cd through the soil layers was on the same level
as deposition, indicating a main retention in downslope discharge areas.
Mercury in the catchment turnover showed similar patterns with Pb with a
deposition (LF+TF) of 0.046, 0.040, 0.025 and 0.012 mg Hg m-2 a-1 for SE04, SE14,
SE15 and SE16, respectively. Outflows in runoff were c. 5% of deposition for three
sites while the northern SE16 reached a ratio of 19%. Soil water percolation through
the soil B-horizon was 0.001-0.003 mg Hg m-2 a-1, showing an accumulation in the
top 0.25 m of the soil. There is an interaction between organic matter and Hg and
the HgC ratio indicates changes in conditions. Variations in the ratio could reveal
different deposition conditions and the increasing ratio with depth in the soil
material indicates loss of carbon with time. Hg concentrations at the IM sites are
on levels causing negative effects on microbiology.
Phosphorus
In Sweden special interests have also been put on phosphorus (P) as being a macro
nutrient for plants with the origin in mineral material. Phosphorus has a crucial
impact on eutrophication of inland and coastal waters but could turn limiting for
growth at high nitrogen levels. Transport of P is strongly related Fe, Ca and Al and
also to organic and clay substances. Phosphorus availability is mainly by PO4
released from bound P related to redox, pH, temperature and moisture conditions.
Total P concentrations in streamwater from the Swedish IM sites varied between
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0.001 mg/l and 0.10 mg/l with phosphate concentrations below 0.003 mg/l. The
rather high organic content at SE14 provided higher average P transport being
over 0.015 mg/l. This was most evident in beginning of autumn when elevated
groundwater levels provided increased outflow of fresh decomposed organic
carbon. The flows of phosphorus from the IM sites varied between 0.02 kgP ha-1 a-1
and 0.09 kg P ha-1 a-1. PO4-P being on levels of 0.004 kg P ha
-1 a-1 and 0.02 kg P ha-1 a-1.
The largest runoff was found at SE16 with 0.05 kg Ptot ha
-1 a-1  and 0.011 kg PO4-P
ha-1 a-1.
Changes in vegetation on intensive study plots at IM sites
The intensive monitoring plots of the ICP IM sites are selected homogeneous
representative locations where rapid changes would not be expected. In the four
Swedish IM sites, vegetation series extend over 3 up to 13 years. Changes in
vegetation pattern were analysed using principal component analysis (PCA),
redundancy analysis (RDA) and Ellenberg indices. The Ellenberg indicator values
for soil moisture, soil pH and nitrogen conditions were used.
Results at SE14 mainly based on mosses, Pleurozium schreberi, Hylocomium
splendens, Rhytidiadelphus loreus and Cephaloziella divaricata, show an increase with
time in species preferring lighter and less moist conditions. Indications of nitrogen
impacts over time were not found but could be noticed in spatial distribution at
the SE15 site. Variations could also be seen in spatial distribution related to pH,
light and soil moisture but the short time series for most sites are yet not sufficient
for relevant analysis over time. Probably, short period dynamics in vegetation in
boreal forests are mainly related to openings, e.g. wind-thrown trees.
Recovery from acidification – slight and slow
Transport of chemical substances at SE04 is strongly influenced by sea-salts while
conditions at SE14 and SE15 are governed equally from sea-salts, sulphate
deposition and internal biological processes, and the latter dominates the influence
on ion flow at the northern SE16 site. During the five year period 1997 - 2001 a
slightly increased outflow of acid neutralising capacity has been observed, ranging
10-20 meq ANC m-2 a-1. From this follows that the flow of anions to a decreased
extent is combined with protons and inorganic aluminium. This is a consequence
of decreased sulphur deposition and can also be seen in a small increase in runoff
pH for the three southern sites while SE16, in the north, is strongly influenced by
organic anions mitigating changes.
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